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EFFECT OF SHADING AND HIGH TEMPERATURE ON DRY-MATTER 
PRODUCTION, YIELD AND GRAIN APPEARANCE QUALITY OF 
VIETNAMESE RICE CULTIVARS (ORYZA SATIVA L.) IN PADDY FIELD 
Global demand of agricultural crops for food, animal feeding and bio-fuel 
experienced a notorious increase through the last decades as a consequence of the 
human population increase. In addition, the global climate change predictions 
temperature increases and longer periods. Climate influences the potential the 
distribution of crops over different regions of the world, while weather influences the 
potential production of the concerned crop. Rice (Oryza sativa L.) is an important 
staple food of more than half of the world population. It is dominantly produced and 
consumed in the Asian. Among the abiotic stresses, weather plays an important role 
in influencing the growth and yield of rice. Vietnam is a country most vulnerable to 
climate change, where rice cultivation accounts for more than three-quarter of the 
country’s total annual harvested agricultural area. The present studies aimed to 
investigate the response of Vietnamese rice (Oryza sativa L.) cultivars to the abiotic 
stresses, i.e, high temperature (the expected climate change) and shading 
(unpredictable change) during grain filling period.  
The high temperature was applied after the first cultivar anthesis by closing two 
sides of plastic chamber under the field condition (Chapter 2). In this study, field 
experiments were conducted in 2015 and 2016 to evaluate the response of 
Vietnamese cultivars under high temperature during grain filling period. The 
difference in the maximum temperature between control and high temperature 
treatment was about 1.3oC to 10.1 oC in 2015 and 0.73oC to 10.2 oC in 2016. The 
crop growth rate (CGR) and yield were correlated with the high temperature 
condition during grain filling period. Under high temperature treatment, the CGR of 
most cultivars significantly decreased. The grain yield of 14 Vietnamese cultivars fell 
to 81.5 and 79.4% in 2015 and 2016, respectively. The variable with the greatest 
impact on grain yield was spikelet sterility induced by high temperature. We 
observed a positive correlation between the percentage of sterile spikelets and the 
maximum temperature during the flowering period. In both years, ‘OM 8923’ was 
the most tolerant cultivar to high temperature, and the difference between control and 
high temperature treatment was not significantly different (2.9% in 2015 and 1.1% in 
2016). Under high temperature during grain filling period, the percentage of grain 
chalkiness in high temperature treatment increased about 0.72 - 10.1% in 2015 and 
0.1-10.8% in 2016 compared with control. Our study showed that Vietnamese rice 
yield and quality were affected significantly by high temperature. 
Fourteen Vietnamese rice cultivars were covered by black cloth (50% shading 
treatment) after heading stage in the field condition to evaluate the response of these 
cultivars to low light condition (Chapter 2). Grain yield of fourteen Vietnamese 
cultivars in shading condition reduced about 32.2 - 65.0 % in 2015 and 15.5 - 47.4 % 
in 2016 of natural light condition. In both of years , the most sensitive cultivars to 
shading is ‘Jasmine 85’, which grain yield reduced to 65.0% and 38.5% of natural 
light condition in 2015 and 2016, respectively. The yield in shading condition 
decreased corresponding to the reduction in CGR and yield components, especially 
in the percentage of filled grain due to the increase in spikelet sterility and partial 
filled grains. The most factor effect to reduce the grain yield which was increased the 
percentage of sterile spikelets in shading condition. Shading increased the percentage 
of immature grains in all cultivars. Shading induced increasing in the percentage of 
chalky and green grains which was largest in ‘OM2517’ ‘OM 8923’ and ‘OM5451’. 
Clearly, the shading decreased the grain yield and the appearance quality of brown 
rice in Vietnamese cultivars in which similarly reported in previous studies with 
Japanese cultivars. 
Crop genotypes play a dominant role in crop production systems. To genotypic 
variation of rice cultivars for their growth, yield and grain quality characteristics, an 
experiment was conducted in 2016 (Chapter 3). Fourteen indica rice cultivars and 
eight japonica rice cultivars were evaluated. Growth characteristic of indica and 
japonica cultivars was not much different, but the tiller per m2 in japonica cultivars 
was higher than in inidica cultivars. In contract, the number of spikelets per panicle 
of indica cultivars was larger than japonica cultivars and the percentage of filled 
grains was similar in both groups. The yield of japonica and indica cultivars was not 
much different. The grain size of indica cultivar was significantly different from that 
in japonica cultivars. The grain length, grain width and grain thickness of japonica 
cultivars varied from 4.93 - 5.16 mm , 2.74 - 2.82 mm and 1.96 - 2.01 mm, 
respectively. In contract, the grain length, grain width and grain thickness of indica 
rice varied from 6.97 - 7.62 mm , 2.05 - 2.28 mm and 1.70 - 1.90 mm, respectively. 
The protein and apparent amylose content were detected higher in indica cultivars 
compared with japonica cultivars. The mean of protein content in indica cultivars 
was 7.7%, while in japonica was 6.5%. The mean of amylose content in indica and 
japonica rice was 20.3% and 16.7%, respectively. The amylose content in indica rice 
was classified into high (21.4%, 3 cultivars), immediate (21.4%, 3 cultivars) and low 
amylose (57.1%, 8 cultivars), while all japonica cultivars belong to low amylose 
content group.  
This thesis evaluated the hypothesis the high temperature and shading stress in 
grain filling period induced the decrease in grain yield and quality of indica cultivars. 
From the above results and discussion, a series of conclusion can be drawn which 
respond to the objectives established in the present thesis. These studies showed that 
the number of panicle m-2, spikelets panicle-1 and the percentage of sterility in 2015 
and 2016 decreased significantly under high temperature and shading condition. 
Increasing spikelet sterility was the most important factors in decreasing yield. The 
most sterile sensitive cultivars to high temperature were ‘OM1490’, ‘OM4900’ and 
‘OM6161’. The most sterile tolerant cultivars to high temperature were ‘OM8923’ 
and ‘OM2517’. Under shading condition, The highest percentage of sterile spiketlets 
was observed in ‘Jasmine 85’ with 71.7% in 2015 and 52.5% in 2016 under shading. 
The most sterile tolerant cultivars to shading were ‘OM8923’ and ‘OM1490’. Under 
high temperature and shading, the grain yield deceased corresponding to the CGR 
decreased. In Vietnam, an average annual temperature rise approximately 2.3oC by 
2100. In the report of Asian Development Bank (2013) showed that days with 
temperature above 35oC are predicted to increase by 10-20 days in large parts of 
Vietnam by the end of 21st century. The solar radiation also changes over time, but 
the trends are inconsistent. These results are a basic background of breeding 
materials with more tolerant to high temperature and shading with high appearance 
quality of brown rice. In addition, the basic information of growth and yield 
characteristic and physicochemical of japonica and indica cultivars is an efficient 
way to develop new abiotic stress tolerant cultivar with high palatabiliy for the future 
circumstance. 
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SYMBOLS AND ABBREVIATIONS LIST 
Symbol  Meaning 
CGR     Crop growth rate 
CT         Control 
Chl          Chlorophyll 
C-grains Chalky grains 
G-grains Green grains 
HT       High temperature 
LAI         Leaf area index 
LSD  Least significant difference 
N     Nitrogen 
NL Natural light 
No.                      Number
M Moisture content of filled grain 
R  Reproduction growth stage 
R4 
One or more florets on the main stem panicle 
has reached anthesis 
R8   
At least one grain on the main stem has a brown 
hull 
RuBP                                 Ribulose 1,5-biphosphate 
SD                                    Standard deviation 
SPAD  
Leaf chlorophyll concentration using soil plant 
analysis development 
W Weight of filled grain 
W1 The dry weight at the corresponding date t1 
 
W2 The dry weight at the corresponding date t2 
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Chapter 1. GENERAL INTRODUCTION 
Food demand around the world is increasing concurrent with the rapid growth 
of global economic, increment of the population, especially in developing countries, 
as well as the further demand for biofuels (FAO, 2011). For increasing food 
production, the greater crop yield should be achieved under existing cropland 
without environmental degradation, destruction of natural ecosystems and loss of 
biodiversity (David et al., 2002). Rice is one of the most important crops in the world, 
especially in Asia, approximately 90% of the rice production is consumed (FAO, 
2008), but it is increasing in Africa and Latin America as well (Jagadish et al., 2007). 
Climate influences the potential distribution of crops over different regions of the 
world, while weather influences the potential production of the concerned crop. 
Among the abiotic stresses, weather plays an important role in influencing the 
growth and yield of rice (Sridevi and Chellamuthu, 2015). The weather elements are 
solar radiation, temperature, rainfall, relative humidity and wind velocity. Rice 
production has also intensified in rainfed (lowland) and dryland (upland) crop 
systems, many of which are prone to drought and high temperature (Jagadish et al., 
2007). Long periods of low temperature, high temperature, rain and low light have 
significantly affected the rice crop cultivation in many place over the world (Liu, 
2013). 
Vietnam is a country most vulnerable to climate change (Dasgupta et al., 2007), 
where rice cultivation accounts for more than three-quarter of the country’s total 
annual harvested agricultural area and employs about two-thirds of the rural labor 
force, thus making a significant contribution to rural livelihoods (Nguyen, 2006). 
  
 2 
 
1.1 THE IMPACT OF HIGH TEMPERATURE ON RICE GROWTH AND 
YIELD 
Climate change is predicted to have negative impacts on food production, food 
quality and food security (Ceccarelli et al., 2010). High temperature caused by 
climate change is exposing most of the world’s crop, including heat stress to rice 
crop during some stage of their life cycle. Global warming might increase 
agricultural production in some temperature countries. Unfortunately, most of the 
world rice is grown in the tropics, thus possibly reduce the rice production in most 
Asian countries (Rosenzweig et al., 1993). Global warming affects not only rice yield 
but also grain quality. A better understanding of the effect of climate factor on rice 
quality provides information for new breeding strategies to develop new cultivars 
adapted to a changing climate. The crop is adversely affected by high temperature in 
the lower elevation of the tropics and by lower temperature in the temperate regions. 
This critical temperature differs according to cultivars, growth stage, duration of 
critical temperature and diurnal change (Sridevi and Chellamuthu, 2015). 
1.1.1. Germination stage 
Temperature has a large influence on germination, especially in the first week of 
post germination growth (Yoshida, 1981). Low temperature depresses the rate of 
germination and prolongs it beyond the desirable span of 6 days. The germination 
percentage decreased when the temperature decreased from 20 oC to 15 oC (Ueno 
and Miyoshi, 2005). High temperature of 35 oC or more halted the germination 
because of high respiration rate (Krishnan et al, 2011).    
1.1.2. Seeding emergence stage 
The seedling growth is very sensitive to temperature in the first week of 
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post-germination (Krishnan et al., 2011). The optimum temperature for leaf 
emergency and elongation is from 25 to 30 oC (Sridevi and Chellamuthu, 2015). 
High temperature inhibit the rice seed germination by decreasing the abundance of 
proteins involved in methionine metabolism, amino acid biosynthesis, energy 
metabolism, reverse degradation, protein folding and stress response (Liu et al., 
2015). A temperature of 22oC or below considered subnormal for seedling growth. 
The seedling growth may be reasonably good up to 35oC, above which declines 
sharply (Krishnan et al., 2011). 
1.1.3. Tillering stage 
The tillering is a process that tillers are developed from leaf axils at each 
elongated node of the main shoots or from other tillers during vegetative growth. 
Tillering is two stage processes; the formation of axillary buds at each leaf axil and 
its subsequent growth. The optimum temperature for tillering is 21 – 30 oC. High 
temperature provides more tiller buds and thereby increase tiller count (Yoshida, 
1973). There appears to be a synchronism in emergence between the main stems and 
tiller and further, between tillers themselves. High temperatures may affect this 
synchronism and in the mobilization of assimilates and nutrients among tillers. In 
addition, the temperature above 28 oC during vegetative phase reduces the days 
leading to heading and shortens the life cycle (Krishnan et al., 2011). Sreenivasan 
(1985) observed that tillering rate is inhibited by low temperature, and the period of 
tillering is prolonged. 
1.1.4. Booting stage 
The booting stage is considered as the most sensitive stage to low temperature. 
In booting stage, the spikelet sterility is higher when the plant is subjected to low 
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temperature (Sridevi and Chellamuthu, 2015). Spikelet sterility appears to be affected 
by both night and day temperature (Yoshida, 1981). The critical temperature for 
inducing spikelet sterility varied from 10 to 15o C (Tinarle, 1989). 
1.1.5. Heading stage 
The flowering in rice plants is highly sensitive to temperature changes. High or 
low temperature can affect fertilization and seed production, and consequently 
reduce rice yield (Das et al., 2014). Floral initiation was delayed by the low 
temperature that the critical minimum is around 15oC (Sridevi and Chellamuthu, 
2015). Under high temperature at heading, the chlorophyll content, net 
photosynthetic rate, superoxide dismutase activity and leaf area index decline 
dramatically (Xie et al., 2011). High temperature significant reduces pollen and 
spikelet fertility rate. When the high temperature happens in flowering period, the 
rice grain yield would be decreased stronger than later stage (Cao et al., 2009). 
1.1.6. Grain filling stage 
High temperature during grain filling period limits grain yield and quality in 
rice. Both night high temperature and day high temperature adversely affect to rice 
plant (Haixian et al., 2011). During grain filling period, under high temperature 
condition the grain dry matter increase but the duration was shortened (Kobata and 
Uemuki, 2004). The increase in the chalkiness grain under high temperature was 
reported in both japonica and indica cultivars (Tanaka et al., 2009). The high 
temperature in night (22/34 oC) causes the decrease in final grain weight and growth 
rate of rice in the early and middle grain filling compared to high temperature in 
daytime (34/22 oC) (Morita et al., 2005). 
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1.1.7. Ripening stage 
Generally, grain yield was higher when the temperature during ripening stage 
was relatively low, which attributed to the more favorable balance between 
photosynthesis and respiration. Temperature influenced to the ripening of rice in two 
ways; first low temperature favored an increase grain weight and second low daily 
mean temperature increased the length of ripening period (Sridevi and Chellamuthu, 
2015). 
When rice plant was subjected to high temperature (30oC), the ripening period 
accelerated the starch accumulation into kernel and the kernel development during 
the early period of ripening, but depress them in the late period (Nagato and Ebata, 
2008) 
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Table 1.1. Symptoms of heat stress in rice plants. 
Growth 
stage 
High 
temperature(oC) 
Low 
temperature(oC) 
Symtoms Reference 
Emergence  40 16-19 
Delay and 
decrease in 
emergence  
Yoshida (1978); 
Akman (2009) 
Seedling 35 12 
Poor growth of 
seedling 
Yoshida (1981) 
Krishnan et al., 
(2011) 
Tillering 32 9-16 
Reduced 
tillering and 
height 
Yoshida (1978) 
Booting 
 
10-15 
Decreased 
number of 
pollen grains 
Shimazaki et al. 
(1964) 
Anthesis 33.7 22 
Poor anther 
dehiscence and 
sterility 
Jagadish et al. 
(2007) 
Flowering 35 
 
Floret sterility Xie et al (2011) 
Grain 
formation 
34 
 
Yield reduction 
Morita et al. 
(2004) 
Grain 
ripening 
29-30 12-18 
Reduced grain 
filling  
Yoshida (1981) 
Nagato & Ebata 
(2008) 
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1.2. THE IMPACT OF LOW LIGHT ON RICE GROWTH AND YIELD 
Light, a critical natural resource, essentially controls morphogenesis and 
production in crop plants. Its role in photosynthesis is well known (Venkateswarlu et 
al., 1987). Daily irradiance and sunshine hours also play a role in affecting rice yield 
and quality (Ho et al., 2013).  The light intensity and photosynthesis have a strong 
relationship in the rice plant. Without light, the net photosynthesis rate shows a 
negative value, because of discharging CO2 through dark respiration (Matsuo et al., 
1995). In the report of Nagarajan et al. (2010) showed that there are positive 
relationships between irradiance and spikelet fertility, 1000 grains weight, harvest 
index and production of rice. 
The reduction of photosynthesis under low light can be attributed to high 
stomatal and mesophyll resistance to CO2 exchange. Shading from flowering to 
harvest reduces leaf and panicles photosynthetic rate and photorespiration. RuBP 
carboxylase activity decreases under low light. The lower photosynthetic rate despite 
higher chlorophyll content under low light attributed to the reduction in the activity 
of RuBP carboxylase (IRRI, 1987). 
1.2.1 Vegetative phase 
In the report of Venkateswarlu (1977), dry matter production decrease strongly 
under the low light condition in tillering stage. Beside, low light before booting stage 
delayed tillering and elongated the tillering stage lead to decrease in effective panicle 
number. Under low light conditions, some of the tiller buds may not develop into 
tillers because of lacking carbohydrate which necessary for growth (Sridevi and 
Chellamuthu, 2015). Fortunately, shading in this stage affects a little in the reduction 
of grain yield (Tang and Bashari, 2016). Irrespective of varieties, shading increases 
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the plant height, LAI and total chlorophyll content and significantly reduced the tiller 
number and total dry matter production (Sridevi and Chellamuthu, 2015) 
1.2.2 Reproductive phase 
10 days before flowering critically induced the high spikelet sterility, resulting 
in poor grain yield. Especially in flowering period, it is crucial in causing sterility 
(Murty and Sahu, 1987). Venkateswarlu (1977) showed that the dry matter 
accumulation under shading condition reduces at all stage, which was critical for 
primordial initiation (PI) onwards. Shading at PI period, the numbers of spikelets per 
panicle/panicle was reduced (Venkateswarlu et al., 1977).  
1.2.3 Ripening phase 
Shading after heading seriously reduced the photosynthetic rate of leaves and 
quantity of photosynthetic products transported to grain (Li, 2001). Under low light 
condition from the initial heading to maturity stage, rice grain yield decreases 
critically, which is directly ascribed to the significant decrease in the seed-setting rate 
and 1000 grains weight (Liu, 2014). The numbers of unfilled spikelets may increase 
under shading condition and the sink size relative to the source activity will be 
negatively affected the filled grains percentage (Tang and Bashari, 2016). Low 
irradiance during reproductive and/or ripening stage has an adverse effect on 
potential yield because the photosysthetic activity in the leaves of rice cultivars 
decreases (Srivastava, 2011). In low light condition at around 7-10 days after heading, 
the assimilated carbon is priority transfer to superior spikelets (Okawa at el., 2003). 
Thus the average size of grain decreased by low light condition (Shigenori et al., 
2003) 
Under low light, dry matter production is reduced strongly by the impaired 
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photosynthesis. Under low light, a considerable proportion of grain carbohydrate is 
contributed by the reversed assimilates at the heading stage. The impaired 
translocation under subdued light of carbohydrates from the source to developing 
grain is yet another factor which causes the higher sterility (Nayak et al., 1979). 
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Chapter 2. RESPONSE OF FOURTEEN VIETNAMESE RICE (ORYZA 
SATIVA L.) CULTIVARS TO HIGH TEMPERATURE DURING GRAIN 
FILLING PERIOD UNDER FIELD CONDITION 
2.1 INTRODUCTION 
Food demand around the world is increasing concurrent with the rapid growth 
of global economic, increment of the population, especially in developing countries, 
as well as the further demand for biofuels (FAO, 2011). For increasing food 
production, most of it from the greater yield existing cropland to avoid 
environmental degradation, destruction of natural ecosystems and loss of biodiversity 
(David et al., 2002). Rice is one of the most important crops in the world, especially 
in Asia, approximately 90% of the rice production is consumed (FAO, 2008), but it is 
increasing in Africa and Latin America as well (Jagadish et al., 2007). Rice is 
extensively grown in irrigated cropping systems, allowing the production in the 
warmer, high radiation post-monsoon and summer months. Rice production has also 
intensified in rainfed (lowland) and dryland (upland) crop systems, many of which 
are prone to drought and high temperature (Jagadish et al., 2007). Climate change is 
predicted to have negative impacts on food production, food quality and food 
security (Ceccarelli et al., 2010). High temperature caused by the climate change is 
exposing most the world`s crop, including heat stress to rice crop during some stage 
of their life. Global warming might increase agricultural production in some 
temperature countries, but possibly reduce it in most Asian countries (Rosenzweig et 
al., 1993). Vietnam is considered as one of the countries to be severely affected by 
climate change (IPPC, 2001). 
Global air temperature increased about 0.5 0 C in the 20th century (IPCC, 2002) 
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and will continue to increase by 2.0 up to 4.5 0 C, which is predicted to occur by the 
end of the 21st century (IPCC, 2007). According to IPCC (2007) suggested that it will 
keep continuous warming of 0.2 0 C per decade in the coming few decades. Some 
scientists have attempted to evaluate the impact of warming temperature on rice yield 
and other crops by using a simulation model (Matusi et al., 2001; Yunbo et al., 2007). 
Temperature is an important factor in the rate of plant development at which depends 
on different growth stage and lead to threshold. The optimum range for the normal 
development of rice fluctuates between 27-32 oC (Xinyou et al., 1996). Although the 
productivity of crops becomes high with rising temperature, it declines due to the 
heat stress when the temperature exceeds the optimal range (Oh-e et al., 2007). Brief 
episodes of high temperature (>35oC) can affect the growth and yield of rice. But the 
temperature sensitivity differs between the vegetative and reproductive phases of its 
growth cycle (Baker et al., 1992). The previous study of Oh-e et al. (2007) revealed 
that the number of panicles decreased with rising temperature. In addition, the 
spikelet fertility of both IR64 (indica) and Azucena (japonica) cultivars has shown 
that less than one hour of exposure to temperature at or above 33.7 °C during 
anthesis can cause sterility (Jagadish et al., 2007). The sterility induced by high 
temperature was observed in dry season crops in Cambodia, Thailand, India, 
Pakistan, Iran, Iraq, Saudi Arabia, Egypt, Mauritania, Senegar, Niger, Sudan and the 
United Stated (Matsuo et al., 1995). The occurrence of floret sterility caused by high 
temperature given in the daytime during the flowering period (Matsui et al., 2001) is 
constraint to the yield.  
High air temperature stress (both in day and night) has appeared to result in 
decreasing grain yield and head rice yield (Qihua et al., 2013; Yunbo et al., 2013), 
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due to the decline in panicles, grain size (Oh-e et al., 2007), panicle length (Hae-Ran 
et al., 2010)and increase in sterile grains (Oh-e et al., 2007). Yield response to 
temperature is a result of many factors such as growth process and phenotypic traits. 
Recent studies have indicated the cultivar differences in reproductive growth such as 
grain set and quality under high temperature (Mastui et al., 2001; Estela et al., 2013). 
The response of difference germplasm to high temperature was also different (Estela 
et al., 2013). 
Most previous studies of the effects of high temperature on crop plants are 
limited to controlling the elevated temperature in a small plant population and with 
little or no replications. The other is analyzed correlation and regression, or historical 
data sets from yield records and long-term field experiments. These approaches have 
some weakness because they either do not necessarily reproduce field conditions or 
introduce possible confounding effects due to factors other than temperature. In 
addition, little information has been known about the response of indica cultivars, 
especially Vietnamese cultivars to high temperature in grain filling period. The 
present study aimed to investigate the responses of fourteen Vietnamese rice (Oryza 
sativa L.) cultivars to high temperature during grain filling period under field 
condition. It also aimed to screen breeding materials which are more tolerant to high 
temperature, which may provide an efficient way to develop new cultivars for the 
future circumstances of Vietnam. 
2.2 OBJECTIVES  
This study will be undertaken with the following major objectives: 
(i) To elucidate the response of Vietnamese cultivars (indica) when the 
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temperature increasing to 36 oC during grain filling under the field condition.  
(ii) To focus on understanding the fundamental effect of high temperature on 
yield and yield components of indica cultivars. 
(iii) To screen breeding materials with more tolerance to high temperature for 
development of new varieties for the warmer circumstance. 
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2.3. MATERIALS AND METHODS 
2.3.1. Rice Cultivars 
Fourteen rice cultivars, belong to indica germplasm group which popularly 
grown in Mekong Delta, Vietnam were used in this experiment (Table 2.1.). Cultivars 
were provided by Cuu Long Delta Rice Research Institute, Can Tho, Vietnam.  
2.3.2. Experiment 1. Effect of high temperature on dry matter production, grain 
yield and grain quality of Vietnamese rice under the field condition. 
2.3.2.1. Rice Cultivation 
Pre-germinated seeds were sown in seedling trays to produce uniform seedlings 
on June 4, 2015 and May 12, 2016. Maturing seedling from all fourteen cultivars 
were transplanted at hill spacing of 15 cm and row spacing of 30 cm (22 hills m-2) on 
June 29, 2015 and June 16, 2016 in the paddy field of Field Science Center, 
Okayama University, Okayama Japan (34o40’N, 133o55’E). Basal fertilizer was 
applied at the rate of 8g N m-2 with slow release fertilizers (LP100D-80, 
N-P2O5-K2O=14-14-14). 
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Table 2.1. Details on the pedigree and the heading date of Vietnamese cultivars in 
2015 and 2016 at Okayama, Japan. 
Cultivar Pedigree 
Year of release in 
Vietnam 
Year Heading date 
OM2517 OM 1235/OMCS94 2004 
2015 21-Aug 
2016 5-Aug 
OM1490 OM 606/IR 44592-62 1999 
2015 24-Aug 
2016 10-Aug 
OM9854 OM6976/OM5451 _ 
2015 27-Aug 
2016 10-Aug 
OM2395 IR63356/TN1 2004 
2015 28-Aug 
2016 11-Aug 
AS996 IR 64/Oryzarufipugon 2002 
2015 28-Aug 
2016 11-Aug 
OM5981 IR28/AS996 2010 
2015 29-Aug 
2016 11-Aug 
OM6161 C51/Jasmine 85 2009 
2015 1-Sep 
2016 14-Aug 
OM5451 Jasmine 85/OM 2940 2010 
2015 7-Sep 
2016 22-Aug 
OM6162 C 50/Jasmine 85 2009 
2015 9-Sep 
2016 23-Aug 
OM6600 C43/Jamine 85//C43 2011 
2015 9-Sep 
2016 25-Aug 
OM7347 Khaodawkmali/BL/BL 2010 
2015 9-Sep 
2016 25-Aug 
OM8923 OM 3536/AS 996 2011 
2015 9-Sep 
2016 25-Aug 
Jasmine85 
Peta/Taichung Native 
1//Khaodawkmali 105 
1993 
2015 9-Sep 
2016 25-Aug 
OM4900 C53/Jasmine 85//Japonica 2008 
2015 9-Sep 
2016 25-Aug 
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2.3.2. 2. Temperature Treatment 
The experiment was conducted in the side-opened plastic chamber (30 m length, 
2.1 m width, and 2.1 m height) was covered with transparent plastic film 
(Sky-leader80E, Toyo Syokusan, Japan), whose radiation transmissivity of 93%. It 
was divided to two units in the center by the transparent plastic film. One of half (15 
m length, 31.5 m2) was used for control plot (CT) because the air temperature is 
almost same with outside. The other half of which (15 m length, 31.5 m2) was used 
for high temperature plot (HT), and equipped the automatic film rolling motors on 
the both sides. These side gradually opened and closed the windows when the air 
temperature inside reached 36 oC and 25 oC, respectively. In the former case, when 
the temperature reached 36 °C, the two side windows opened about 25 cm to 
maintain the heat inside. The high temperature treatment was applied after the first 
cultivar anthesis. 36oC was chosen as the upper bound based on the well-documented 
physiological effects of high temperature on sterility and grain yield when the 
temperature over 35 oC (Matsui et al., 2001a; Oh-e et al., 2007), and on the fact that 
this temperature was higher than the temperature in the field where these cultivars 
were cultivated. The detail of field experiment was shown in Figure 2.1. 
2.3.2.3. Measurement of Air Temperature 
The air-temperature in transparent chamber was measured with thermo recorders 
‘Ondotori’ (TR-55i-Pt, T AND D, Japan). The temperature sensors were installed in a 
force-ventilated radiation shield (Murakami and Kimura, 2010) and placed every 5 m 
along the chamber at 1.5 m height above the ground. The diurnal air-temperature was 
recorded every 10 minutes from the transplanting to the maturity. 
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Figure 2.1. Experimental design with two temperature’s regime treatments in plastic 
house. 
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Figure 2.2. Growth chamber was divided to two units by plastic film in the centre. 
Two side of HT unit can open and close when the air temperature inside reaches 36 
oC and 25 oC, respectively. 
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2.3.3. Experiment 2. Effect of high temperature on isolated main stems. 
2.3.3.1. Plant growth conditions 
In May 12, 2016 all cultivars were at about three-four leaf stage, three hills 
(three plants hill-1) of each cultivar were transplanted to pot filled with paddy soil. 
Rice plants were given basal fertilizer at the rate of 8g N per m2 of slow release 
fertilizers (LP100D-80E, N-P2O5, K2O=14-14-14). For the synchronization of 
growth stage, each hill was thinned plant density to keep 3 main stems by removing 
tiller at the early stage of their emergence. Two pots for each cultivar were placed in 
the side opened plastic house until heading (50% of the panicle was extruded out of 
its flag leaf sheath).  
2.3.3.2. High temperature treatment 
The plants continuously grown in the plastic house were used for control (CT) 
and glass house; high temperature treatment (HT). The plants of individual cultivars 
in pot were transferred on the day of heading stage from plastic-house to glass house 
for starting high temperature treatment and were subjected until harvesting. In HT 
treatment, closed glass house was used to increase the air temperature inside. One 
exhaust fan was used for ventilation in the glass house when the temperature 
exceeded 36 oC. 
2.3.3.3. Measurement of air temperature 
The air-temperature in plastic house was measured with thermo recorders 
“Ondotori” (RTR-57U, T AND D, Japan). The temperature sensors were placed 1.7 
m above the ground in both plastic house and glass house, and the diurnal 
air-temperature was recorded every 10 minutes from the heading to the maturity. 
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2.3.4. Growth and Dry Weight 
For the monitoring of dry weight, four standard plants were sampled at the 
heading and maturity stage. Plants were divided into four parts, i.e. culm plus leaf 
sheath, leaf blade, dead leaf and panicle. All samples were oven-dried at 80oC for 48 
hours, and then their dry weights were measured. From these dry weights, the CGR 
was calculated as follows: 
CGR (g m-2d-1) = W2−W1
t2−t1
 
W1 : The dry weight at the corresponding date t1 
W2 : The dry weight at the corresponding date t2 
2.3.5. Yield and Yield Components  
At physiological maturity, twenty hills were sampled diagonally from each 
treatment to determine grain yield (g m-2) and yield components; i.e. the number of 
panicles m-2, spikelets panicle-1, percentage of filled grains (%) and 1000-grains 
weight (g). The grain yield was adjusted to standard moisture (14%).  
Three replications (20–30g) of spikelets were obtained from 20 hills and used 
for sterility analysis. The percentage of sterile spikelets was determined as follows; 
panicles were threshed and the filled and sterile spikelets were separated by 
submerging in specific gravity solution. The spikelets which sank with specific 
gravity ≧ 1.06g cm-3, ≧ 1.0 g cm-3 and < 1.0 g cm-3 were defined as filled grains, 
partially filled grains and sterile spikelets, respectively (Zakaria et al., 2002).  1000 − grains wt = w
f
 x 100−M
86
x1000 
Grain yield (g m-2)= Panicle number m-2 x spikelet number panicle-1 x % ripened 
spikelets x 1000-grains weight 
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f: filled grain 
w: weight of filled grain 
M: moisture content of filled grain 
2.3.6. Grain Appearance Quality 
Three replications (20-30g) of brown grains of each treatment were used for 
determination of chalky grains. The appearance quality of brown grains was 
measured by grain scanner (RSQI 10B; Satake Corp., Japan) and expressed as the 
percentage of chalky grains per total brown grains. Grains covering white parts 
covering more than 20% their total surface area, for example, a white belly, white 
center, or white back were recorded chalky grains. 
2.3.7. Statistical Analysis 
Data of dry matter production, yield and yield components were analyzed as 
two-way completely randomized design. Tukey’s HSD at a probability level of 0.5 
and 1.0 % was used to compare the difference between treatment and genotype. 
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2.4. RESULTS 
2.4.1. Experiment 1. 
2.4.1.1. Air Temperature 
The temperature before the first cultivar’s anthesis in control and temperature 
treatment seemed to be the same in both of years (Figure 2.3. and Figure 2.4.). The 
2015 and 2016 heading date was from early August to early September (Table 2.1.). 
After the first cultivar’s anthesis, the maximum temperature in HT was higher than in 
CT by about 1.3 - 10.1oC in 2015 and 0.73 - 10.2oC in 2016. The highest temperature 
in HT reached peaks of 36.6 and 38.8oC in 2015 and 2016, respectively. On cloudy 
and rainy days, the temperature inside HT was unable to reach 36 °C . The maximum 
temperature in HT averaged from 30.0 - 36.6 oC in 2015 and 34.7 - 38.8 oC in 2016. 
The mean temperature in day in HT was higher than CT about 0.3 - 2.9 oC in 2015 
and 0.3 - 3.3 oC in 2016. 
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Figure 2.3. Changes in maximum and minimum temperature under control and high 
temperature treatment in 2015 and 2016. Arrows indicate the heading time. 
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Figure 2.4. Changes in maximum and mean temperature under control and high 
temperature treatment in 2015 and 2016. Arrows indicate the heading time. 
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2.4.1.2. Dry weight and Crop Growth Rate 
To identify the factor affecting the difference in dry matter production, we 
compared CGR between two treatments (Figure 2.5.). A difference between CT and 
HT was observed in all cultivars in both years. Under high temperature treatment, 
CGR of most cultivars strongly decreased. The largest difference between CT and 
HT was observed in ‘OM9584’ with 8.1 g m-2 day-1 in 2015 and in‘OM5451’ with 
9.3 g m-2 day-1 in 2016. In both years, the late heading cultivars ended to present 
greater differences in CGR between CT and HT, compared with the early-heading 
cultivars. 
High temperature had a strong impact on the dry mass in the shoot (panicle plus 
straw) of all cultivars in both years (Figure 2.6.). Under high temperature conditions, 
the dry weight of shoot in both years decreased drastically in most cultivars, 
especially in late heading cultivars. Among 14 cultivars tested, the shoot dry mass of 
‘OM 4900’ in 2015 and ‘OM 5451’ in 2016 considerably decrease under high 
temperature. The overall difference in dry mass between CT and HT was about 
0.08-0.58 and 0.07-0.49 kg m-2 in 2015 and 2016, respectively. The dry mass of 
panicle reduced dramatically in most cultivars under high temperature. The dry mass 
of panicle in ‘OM 4900’ was particularly affected, with differences between CT and 
HT of 0.35 and 0.33 g m-2 in 2015 and 2016, respectively. 
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Figure 2.5. Effect of high temperature on CGR during ripening period in 2015 and 
2016. 
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Figure 2.6. Dry mass production at ripening stage under control and high 
temperature treatment of fourteen Vietnamese cultivars in 2015 and 2016. 
Vertical bars indicate SD of means (n=4). 
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2.4.1.3. Yield and Yield Components 
High temperatures increased the percentage of sterile spikelets in most cultivars 
in 2015 and 2016 (Figure 2.7.). Corresponding to different temperature condition, the 
increasing rate varied by year and cultivar. The difference in the percentage of 
spikelet sterility between CT and HT was highest in ‘OM6161’ (22.3%) in 2015 and 
‘OM 4900’ (25.7%) in 2016. The percentage of spikelet sterility of ‘OM1490’, 
‘OM5981’, ‘AS996’ and OM6162’ also increased drastically under high temperature. 
In both years, ‘OM 8923’ was the least effected cultivar, with differences of 2.9% in 
2015 and 1.1% in 2016.  
A positive correlation was observed between the percentage of sterile spikelets 
and the maximum temperature during the flowering period (Figure 2.8.). The 
percentage of sterile spikelets increased corresponding to the increased maximum 
temperature during the flowering period. Responding to the higher maximum 
temperature in the flowering stage, the correlation rate in 2016 was higher positive 
(R2=0.244) compared with in 2015 (R2=0.185). 
A significant difference in grain yield between CT and HT was observed in both 
years (Table 2.2 and Table 2.3.). Cultivar and treatment difference in grain yield was 
significant in the two year experiments. The average grain yields in CT were 568 and 
636 g m-2 in 2015 and 2016, respectively. In HT these averages were 463 and 505 g 
m-2 in 2015 and 2016, respectively (Table 2.4). Grain yield of fourteen Vietnamese 
cultivars in high temperature treatment was decreased by 105 and 131 g m-2 in 2015 
and 2016, respectively. Thus high temperature had a significant effect on the spikelet 
sterility. Spikelets per panicle were also strongly affected by high temperatures, with 
average reductions of 4.1 and 4.5 % in 2015 and 2016, respectively. In both years, 
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the yield in ‘Jasmine85’ in HT was lowest. The grain yield in ‘OM6161’, ‘OM6162’, 
‘Jasmine85’ and ‘OM4900’ decreased more than 30% from CT to HT in both years.  
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Figure 2.7. Effect of high temperature on the percentage of sterile spikelets in 2015 
and 2016. Vertical bars indicate SD of means (n=3). 
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Figure 2.8. The correlation between the percentage of sterile spikelets and maximum 
temperature at flowering period. The maximum temperature at flowering period was 
recorded between 2 days before and after heading in 2015 and 2016.  
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Table 2.2.  Yield and yield components of 14 Vietnamese cultivars in control and 
high temperature treatment in 2015 
 
Cultivar Treatment No. of panicle/m2 
No. of 
spikelets/panicle 
% of 
filled 
grains 
1000-grains 
weight(g) 
Grain yield 
(gm-2) 
OM2517 CT 288 108 75.9 25.2 596.1 HT 285 110 68.2 25.3 539.1 
OM1490 CT 341 111 69.4 23.2 609.6 HT 306 127 60.5 22.4 534.0 
OM9854 CT 307 113 65.0 23.9 535.1 HT 271 113 59.1 23.9 434.2 
OM2395 CT 300 120 64.0 27.1 628.1 HT 240 121 56.5 27.4 450.7 
AS996 CT 245 129 66.4 26.8 561.9 HT 278 124 54.0 26.8 499.9 
OM5981 CT 327 105 72.7 25.6 637.9 HT 294 107 56.1 25.2 443.7 
OM6161 CT 299 108 70.5 25.2 571.3 HT 257 103 47.6 25.5 318.9 
OM5451 CT 286 101 80.8 24.7 574.3 HT 271 98 71.3 24.7 465.6 
OM6162 CT 209 147 60.2 24.5 452.9 HT 228 135 59.4 17.4 317.2 
OM6600 CT 219 152 58.5 24.5 478.4 HT 207 144 62.3 25.0 463.0 
OM7347 CT 216 138 61.3 25.5 465.0 HT 233 147 51.5 25.2 442.7 
OM8923 CT 318 118 70.3 25.5 670.0 HT 269 105 72.0 25.1 511.5 
Jasmine85 CT 237 128 39.4 25.7 307.0 HT 192 112 38.2 26.2 215.5 
OM4900 CT 250 146 54.3 25.1 497.1 HT 191 131 53.2 25.3 337.0 
  Cultivar  ** ** ** ** ** 
  Treatment ** NS * NS ** 
*and**; significance at the 0.05 and 0.001 level based on analysis of variance, respectively. NS; non-significance 
based on analysis of variance 
 
 
 
 
 
 
 
 
 
 
 33 
 
Table 2.3.  Yield and yield components of 14 Vietnamese cultivars in control and 
high temperature treatment in 2016 
Cultivar Treatment 
No. of 
panicle 
m-2 
No of 
spikelets/panicle 
% of 
ripened 
grains 
1000 
grains 
weight (g) 
Grain yield  
(g m-2) 
OM2517 
CT 228 119  87.1  26.6  692  
HT 220 120  75.0  26.2  572  
OM1490 
CT 211 139  87.3  24.1  677  
HT 236 142  66.1  23.9  583  
OM9854 
CT 209 129  81.7  24.7  598  
HT 220 137  70.5  23.9  559  
OM2395 
CT 193 140  59.9  26.6  474  
HT 207 141  52.9  27.3  464  
AS996 
CT 227 133  65.4  25.7  558  
HT 226 127  54.6  26.9  463  
OM5981 
CT 219 135  76.2  24.7  611  
HT 237 134  65.0  25.6  579  
OM6161 
CT 260 141  76.5  25.2  778  
HT 216 136  64.4  25.1  521  
OM5451 
CT 233 127  81.4  24.7  652  
HT 223 137  71.8  23.8  574  
OM6162 
CT 174 210  72.4  23.7  691  
HT 162 182  55.4  23.5  422  
OM6600 
CT 192 202  70.5  23.8  715  
HT 199 188  57.3  22.7  529  
OM7347 
CT 163 202  68.8  24.7  613  
HT 164 182  54.9  24.4  440  
OM8923 
CT 251 138  81.6  25.2  783  
HT 259 131  79.2  24.4  723  
Jasmine85 
CT 151 168  55.8  24.5  380  
HT 140 149  44.6  24.4  249  
OM4900 
CT 191 185  70.4  24.6  673  
HT 199 168  45.3  24.4  404  
  Cultivar  ** ** ** ** ** 
  Treatment NS * ** NS ** 
*and**; significance at the 0.05 and 0.001 level based on analysis of variance, respectively. NS; non-significance 
based on analysis of variance 
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Table 2.4. Mean of yield and yield components of Vietnamese cultivars in control 
and high temperature treatment in 2015 and 2016. 
Cultivar Treatment 
No. of 
panicles 
m-2 
No. of 
spikelets 
panicle-1 
% of 
sterile 
spikelets 
% of 
ripened 
grains 
1000 
grains 
weight (g) 
Grain yield 
(g m-2) 
Mean 2015 
CT 275 124  32.4  67.5  25.1  568 
HT 250 119  38.1  61.8  24.7  463 
Mean 2016 
CT 209 155  23.1  73.9  24.9  636 
HT 207 148  35.4  61.3  24.7  505 
  Cultivar  ** ** ** ** ** ** 
  Treatment * ** ** ** NS ** 
*and**; significance at the 0.05 and 0.001 level based on analysis of variance, respectively. NS; non-significance 
based on analysis of variance 
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2.4.1.4. Grain Appearance Quality 
There is several kind of chalkiness in rice grain; white belly, white center and 
white back. In this research, grains covering white parts ≧ 20 % of surface area, e.g. 
the white belly, white center and white back which were recorded chalky grains. The 
percentage of grain chalkiness in most cultivars increased drastically in both years 
under high temperature (Figure 2.9.). The difference in the percentage of grain 
chalkiness between CT and HT varied widely among in fourteen cultivars. The 
percentage of grain chalkiness in HT ranged between 0.72 - 10.1% higher than CT in 
2015. In 2016, the different in grain chalkiness between HT and CT was higher with 
a range between 0.1 - 10.8%. As shown in Figure 2.9., under high temperature, the 
biggest increases in percentage of grain chalkiness under high temperature were for 
‘OM8923’ (10.1%) and ‘OM5981’ (10.8%) in 2015 and 2016, respectively. The 
percentage of chalky grains in ‘OM2517’, ‘AS996’ and ‘OM6161’ also increased 
markedly under high temperature in both of years. 
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Figure 2.9. Effect of high temperature on percentage of chalky grains in Vietnamese 
cultivars. Vertical bars indicate SD of means (n=3). 
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2.4.2. Experiment 2. 
2.4.2.1. Changes in temperature 
After the first cultivar heading, the air temperature in green house (HT) was always 
higher than that in plastic house (CT) about 0.0 -10.75 oC (Figure 2.10). The 
maximum temperature in heading time of most cultivars was over 37 oC. 
Unfortunately in some cloudy day, the maximum temperature in HT reduced to 30 oC, 
especially in maturity stage. In three cultivars such as ‘OM2517’, ‘OM1490’ and 
‘OM9584’, in heading time the temperature in control is also over 37 oC. The 
minimum temperature in HT was higher than in CT about 0 to 2.15 oC. In cloudy day, 
the outside temperature reduced significantly and the temperature in both CT and HT 
decreased, respectively. After 105 DAT, the temperature declined gradually. In this 
time, all cultivars were almost reached the maturity stage. 
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Figure 2.10. Maximum (solid lines) and minimum (dotted line) temperature after the 
first cultivar heading with control (triangle) and high temperature treatment 
(quadrangle). 
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2.4.2.2. Yield and yield components 
The percentage of sterile grains increased strongly under high temperature 
(Figure 2.11). In ‘OM2395’, ‘AS996’ and ‘OM6161’, the percentage of sterile grains 
reached 100% under high temperature. The temperature at heading time of these 
cultivars reached more than 40 oC. The percentage of sterile grains in high 
temperature was higher than that in CT about 0.03 - 61.9 %. The greatest influence of 
high temperature was recorded in ‘OM6161’. In this cultivar, the sterile grains 
increased more than 200 % compared with CT. ‘OM2517’, ‘Jasmine85’ and 
‘OM8923’ were less affected by high temperature. In both ‘OM2517’ and 
‘Jasmine85’, the difference between CT and HT was less than 2%. 
The percentage sterile spikelets in primary and secondary rachis branches was not 
much different between CT and HT (Figure 2.12). The percentage of sterile grains in 
the primary rachis braches was smaller than in that of secondary rachis branches. The 
difference between primary and secondary rachis branches was 2.8% in both CT and 
HT.  
A positive correlation was observed between the percentage of sterile spikelets and 
the maximum temperature during the flowering period (Figure 2.13). The percentage 
of sterile spikelets increased corresponding to the increased maximum temperature 
during the flowering period with high coefficient correlation (R2=0.533). The 
percentage of sterile grains in Vietnamese rice increased more than 70% when the 
ambient temperature exceeds 40oC.  
The detail in yield and yield components under HT and CT of fourteen cultivars 
was shown in Table 2.5. Cultivar and treatment difference in grain yield was 
significant. Grain yield of fourteen Vietnamese cultivars in HT treatment was 
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decreased from 1.5 to 100% of that in CT. The spikelets per panicle were totally 
different between cultivars. The high temperature didn’t impact on the spiketlets per 
panicle. Under high temperature, the spikelet sterility and 1000-grains weight 
decreased significantly lead to decrease in the grain yield per panicle. The grain yield 
per panicle varied within the range of 0.7 – 3.97 g in CT and 0 – 2.12 g in HT. 
The average grain yield per panicle of cultviars was 2.13 g in CT, and decreased 
to 0.82 g in HT. These decreasing rate was lager in ‘OM2395’, ‘AS996’, ‘OM6161’ 
and ‘OM5451’, and was smaller in ‘OM2517’, ‘OM8923’ and ‘Jasmine 85’. The 
highest yield per panicle was observed in ‘Jasmine 85’ and ‘OM4900’. 
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Figure 2.11. The sterile percentage in control and high temperature treatment of 
fourteen Vietnamese cultivars. 
 
Figure 2.12. Different in percentage of grain sterility in primary rachis branches 
(PB) and secondary rachis branches (SB) under control and high temperature 
treatment.  
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Figure 2.13. The relationship between the percentage of sterile grains and max. 
temperature at flowering periods (2 days before heading and 2 days after heading).  
 
Figure 2.14. “ASS 996” reached 100% sterility when the temperature in anthesis 
period exceed more than 40 oC. 
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Table 2.5. Yield and yield components and percentage of filled grain in control and 
high temperature treatment. 
Cultivar Treatment Spikelets/panicle % of ripened grains 
1000 grains 
weight (g) 
Yield       
(g panicle-1) 
OM2517 
CT 106 89.0 2.66 2.01 
HT 90 88.2 2.51 1.98 
OM1490 
CT 101 77.7 2.32 1.94 
HT 112 16.1 2.52 0.49 
OM9854 
CT 125 92.5 2.45 2.83 
HT 110 24.5 1.42 0.24 
OM2395 
CT 136 20.0 2.44 0.70 
HT 127 0.0 - - 
AS996 
CT 103 36.8 2.39 0.91 
HT 113 2.1 - - 
OM5981 
CT 115 68.0 2.40 1.87 
HT 98 18.1 1.98 0.36 
OM6161 
CT 116 61.7 2.44 1.74 
HT 118 0.2 2.32 0.00 
OM5451 
CT 166 71.2 2.19 2.59 
HT 112 0.8 1.83 0.01 
OM6162 
CT 129 53.4 2.21 1.45 
HT 152 21.1 2.08 0.67 
OM6600 
CT 163 59.1 2.21 2.13 
HT 129 26.4 2.19 0.78 
OM7347 
CT 140 49.6 2.19 1.56 
HT 143 33.3 1.93 0.85 
OM8923 
CT 100 91.7 2.56 2.27 
HT 103 81.5 2.32 1.96 
Jasmine85 
CT 213 80.2 2.33 3.97 
HT 213 80.3 2.22 2.12 
OM4900 
CT 247 69.2 2.26 3.86 
HT 203 42.7 2.42 2.05 
 Cultivar ** * NS ** 
 Treatment NS ** * ** 
*and**; significance at the 0.05 and 0.001 level based on analysis of variance, respectively. NS; non-significance 
based on analysis of variance 
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2.5. DISCUSSION 
The dry matter of rice grain mainly originates from the photosynthesis outcome 
of leaves after the heading stage (Xie et al., 2011). The CGR index reflects the 
increment of dry weight per unit land. Thus it shows the real growth rate of canopy 
under a given condition. The report of Xie et al (2011) showed that the grain filling 
phase was shortened by high temperature, leading to a reduction in dry matter 
accumulation. In this study, we observed a decrease in CGR under high temperature 
in grain filling period, which suggests the amount of dry matter accumulated per unit 
land area was diminished by heat stress. There are strong positive relationships 
between CGR and grain yield, attributable to the greater partitioning of dry matter to 
grain in cultivars with higher CGR (Karimi et al., 1991). The grain yield of different 
genotypes was closely related to the CGR during grain filling periods. Cultivars with 
higher CGR during grain filling period produce a greater number of spikelets per unit 
land area (Takai et al., 2006). In this study, the spikelets per panicle was higher in CT 
than in HT (Table 1). Decline in CGR is a major factor leading to lower grain yield in 
Vietnamese cultivars.(Figure 2.5.).  
There are strong positive relationships between CGR and grain yield, 
attributable to the greater partitioning of dry matter to grain in cultivars having 
higher CGR (Karimi & Siddique, 1991). The grain yield of different genotypes was 
closely related to the CGR during grain filling periods. Cultivars having higher CGR 
during grain filling period produce a greater number of spikelets per unit land area 
(Takai et al., 2006). In this study, the spikelets panicle-1 in CT was higher than in HT 
(Table 2.4.). The decline in CGR is a major factor leading to lower grain yield in 
Vietnamese cultivars. 
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In Japan, the annual temperature has been increasing at rate of 1.1 oC per 
century since 1898. As temperature rises, the number of days with maximum 
temperature at or above 34 0C is increasing (MEXT, 2009). In this study, after the 
first cultivar heading, the maximum temperature in HT is higher than in CT about 1.3 
- 10.1 oCand 0.7 - 10.2 oC in 2016 (Figure 2.3.). In the anthesis stage, poor anther 
dehiscence and sterility occur if the ambient temperature is above 33.7 oC (Jagadish 
et al., 2007). Researches by Duc et al. (2014), Jagadish et al. (2007) and Das et al. 
(2014) showed that the pattern of flowering could vary among different genotypes. In 
general, the rice anthesis begins at around 0900, peaks around 1000 to 1100 and ends 
around 1500. In our study, the peak daily temperature in HT depended on daily 
conditions such as rain or cloudiness, but was generally around 36 oC from 0830 to 
1340. It was also the same time for these cultivars during the flowering period. Thus, 
the fertility was affected by high temperature in HT treatment (Figure 2.7.). Under 
high temperature, the floret sterility occurs through the poor pollination, a decrease 
in a number of pollen grain on the stigma. Such temperatures also affect the process 
after pollen germination and inhibited the fertilization (Matsui et al., 2001b). The 
loss of pollen viability depends on genotype (Matsui et al., 2001a; Das. et al., 2014). 
In addition, the individual panicles headed on different dates. Thus the different 
cultivars experienced different temperature during the flowering period. Adoption of 
high temperature tolerant cultivars is one of the most effective countermeasures to 
maintain high productivity and stability of rice under anticipated to maintain high 
productivity and stability of rice under anticipated climate change. In this study, the 
difference in the percentage of sterile spikelets was entirely different among fourteen 
cultivars. Among all cultivars, the fertility of ‘OM6161’, ‘OM 4900’ ‘OM1490’, 
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‘OM5981’, ‘AS996’ and OM6162’ was sensitive to high temperature.  
The high temperature strongly affected grain yield of all cultivars in both years. 
Grain yield decreased in most cultivars under high temperature treatment in both 
years (Table 2.4.).  Although, ‘OM1490’, ‘OM5981’, ‘AS996’, and ‘OM6162’ 
were strongly affected by high temperatures, the grain yield in‘OM6161’, ‘OM6162’, 
‘Jasmine85’ and ‘OM4900’ decreased most dramatically in this study (Table 2.2 & 
2.3). In the former studies of Yoshida and Hara (1977), rice grain weight declined 
strongly when indica cultivar was grown in at or above day temperature of 34 oC and 
night temperature of 25oC during grain filling period. Under high temperature, grain 
weight decrease by accelerating the panicle senescence and shortening the grain 
filling period (Kim et al, 2011). The grain yield of rice is the product of many 
different yield components; eg. the number of panicle per unit area, the number of 
grains per panicle, percentages of filled grains and 1000-grains weight. In this study, 
the percentages of filled grains, 1000-grains weight and spikelets panicle-1 decreased 
under high temperature leading to a decrease in grain yield (Table 2.4). This is 
similar to the findings of Oh-e at el. (2007), in which the brown rice yield of 
japonica cultivars declined when the air temperature increased. 
Chalky, an opaque in the rice grain, is an important quality characteristic in rice 
and occurs most commonly when rice is exposed to high temperature during 
development (Areum et al., 2009). The primary cause for chalky grain is an 
imbalance between sink and source abilities of carbohydrate metabolism, as a result 
of high temperature at ripening stage (Wang et al., 2006). The report of Copper at el. 
(2008) showed that high ambient temperature from anthesis (R4) to single grain 
maturity stage (R8) in reproductive development induced increases in chalky kernels. 
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In this study, the mean daily temperature from R4 to R8 in HT was higher than that 
in CT with increases from about 0.3 – 2.9 °C in 2015 and 0.3 – 3.3 °C in 2016. Thus, 
the percentage of chalky grains observed the same trend as the previous report 
(Figure 2.9.). The percentage of chalky grains increased under high temperature. In 
late heading cultivars, the highest ambient temperature is usually less than 30oC in 
the grain filling stage (Figure 2.4.), after two sides of HT chamber opened allowed 
the temperature to cool down faster. Thus, the chalky grain in long duration cultivars 
is less prominent than in early heading cultivars, and the difference in chalkiness 
between CT and HT was not significant. In the report of Kim et al. (2000) showed 
that when the proportion of chalky grains exceed 15%, the rice had decreased eating 
quality. The chalky grains decrease rice’s value in most of the world market. Thus, 
the increasing chalkiness under high temperature is unexpected in rice cultivation. 
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2.6. CONCLUSIONS 
A significant difference in grain yield between CT and HT was observed in our 
study. The number of panicle m-2, spikelets panicle-1 and the percentage of sterility in 
both 2015 and 2016 decreased significantly under high temperature condition. 
Increasing spikelet sterility was the most important factors in decreasing yield. The 
most sterile sensitive cultivars to high temperature were ‘OM1490’, ‘OM4900’ and 
‘OM6161’. The most sterile tolerant cultivars to high temperature were ‘OM8923’ 
and ‘OM2517’. When the temperature was over 400C, spikelets in Vietnamese 
cultivars reached 100% sterile. Under high temperature, the grain yield deceased 
corresponding to the CGR decreased. The percentage of chalkiness grain 
in‘OM8923’, ‘OM5981’, ‘OM2517’, ‘AS996’ and ‘OM6161’ increased strongly 
under high temperature. In Vietnam, an average annual temperature rise 
approximately 2.3 oC by 2100 (MONRE, 2012). In the report of Asian Development 
Bank (2013) showed that the end of the 21 century, in many parts of Vietnam, there 
will be 10 - 20 more days each year with temperatures above 35°C. These results 
provide a basic background of breeding materials with more tolerant to high 
temperatures and therefore provide an efficient way to develop new cultivars for the 
future circumstance. 
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Chapter 3. EFFECT OF SHADING ON GROWTH, YIELD AND DRY 
MATTER PRODUCTION OF RICE (Oryza sativa L.) BELONG 
VIETNAMESE GERMPLASM IN PADDY FIELD. 
3.1 INTRODUCTION 
Light is the main energy source for plant photosynthesis and is an 
environmental signal used to trigger growth and structural differentiation in plants 
(Chen et al., 2014). Light intensity is one of the most important factors for plant 
growth, affecting growth, development, survival, and crop productivity (Wang. H, 
2007). The light intensity and photosynthesis have a strong relationship in the rice 
plant’s growth. Without light, the net photosynthesis rate shows a negative value, 
because of discharging CO2 through dark respiration (Takume et al., 1995). 
Therefore, irrigated rice production is influenced by solar radiation (Yoshida, 1981). 
Spatial and temporal variation in solar radiation is one of the major factors that 
impact to rice’s potential yield (Horie et al., 1997). During heading stage, rice is most 
sensitive to environmental conditions. The optimum solar radiation value during rice 
grain filling stage (about 30 d before harvest) is 200 h bright sunlight (Murty and 
Sahu, 1987).  
Under low irradiance condition, the dry matter weight of panicle decreased, as a 
result of most of the dry matter produced is used to sustain the growth of leaves, 
culms and sheaths rather than being allocated to panicle (Ren et al., 2003). When the 
rice was grown under low light from the initial heading to maturity stages, rice grain 
yield decreases markedly ascribed by reducing the seed-setting rate and 1000-grains 
weight (Liu et al., 2014).During the ripening period, the impaired translocation of 
carbohydrates from source to sink under shading condition is yet another factor in 
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high sterility (IRRI, 1986). 
Chlorophyll a and b (Chl a and Chl b) are important pigments involved in the 
absorption and transmission of solar energy (Liu et al, 2014). Genotypes maintaining 
higher leaf Chl a and Chl b during growth period may be considered potential donor 
for the ability to produce higher biomass and photosynthetic capacity 
(Basuchaudhuri, 2016). When plants are transferred to a different irradiance, they 
show acclimation of the photosynthetic system (Jun et al, 1991). Chlorophyll content 
increases more under low light than under normal light (IRRI, 1986). These plants 
generally have relative more Chl b (Jun et al, 1991; Avind, 2004) leading to a lower 
chlorophyll a/b ratio (Basuchaudhuri, 2016). In addition, low capacities of electron 
transport per unit of Chl and reduction in soluble protein relative to Chl under low 
light condition (Jun et al, 1991). 
Leaves grow in high irradiance often have higher rates of photosynthesis due to 
a higher content per unit leaf of most photosynthesis components, including Rubisco 
carboxylase and electron transport and ATP synthesis (Murchie et al, 2005). Under 
low light, from flowering to harvesting, leaf photosynthetic rate, panicle 
photorespiration decline and RuPB carboxylase decrease (Murty et al, 1986). 
Photosynthesis reduces corresponding to high stomatal and mesophyll resistant to 
CO2 exchange under shading (Murty et al, 1986). 
Low irradiance (shading) reduces the photosynthetic rate, resulting in a 
reduction the amount of carbon available for grain development (Yushi et al., 2014). 
In the study of Li et al (2006), the starch, amylase and sucrose contents and the 
activities of starch synthesis enzymes decreased under shading treatment in both 
Indica and Japonica cultivars. Besides, under low irradiance condition, the dry 
 51 
 
matter weight rate of panicle is decreased, as a result of most of the dry matter 
produced is used to sustain the growth of leaves, culm and sheaths rather than being 
allocated to panicle (Ren et al., 2003). During ripening stage, the impaired 
translocation of carbohydrates from source to sink under shading condition is a factor 
in causing high sterility (IRRI, 1986). Rice was grown under low light from the 
initial heading to maturity stages, rice grain yield decreases markedly ascribed by 
reducing in the seed-setting rate and 1000 grain weight (Liu et al., 2014). In addition 
to a previous study, Ishizuki and Saitoh (2012) showed that the palatability and the 
stickiness decreased when rice was shaded during the grain filling time. 
Low irradiance (shading) during grain filling dramatically influenced the 
protein components of rice, and these changes may separately affected on cooking 
qualities (Liang et al., 2015). Solar radiation also changes over time, but the past 
trends are inconsistent over time (Wild et al., 2005). The bad weather conditions such 
as continuously cloudy or rainfall, especially during the grain filling stage induces a 
significant loss in yield and results in poor grain quality (Liu et al., 2014). Because 
low light conditions can damage rice production dramatically, light intensity has 
received attention from researchers worldwide increasing. Unfortunately, the rare 
investigation into the effect of shading to Vietnamese rice cultivars during grain 
filling has been elucidated. The present study aimed to investigate the effect of 
shading on growth, yield and dry matter production of Vietnamese rice cultivars. 
3.2 OBJECTIVES  
To be successful crops, crop need to be resistant to varying growing condition, 
providing consistent yield and quality under a range of environment conditions. The 
objective of this research results laid a theoretical foundation for the selection of 
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shade tolerant varieties of rice and the improvement of cultivation technologies. Thus, 
in this research we focused on some targets. 
Firstly, we try to demonstrate the effect of shading (low light) on rice 
morphology, physiology and yield and appearance quality of brown rice of 14 
Vietnamese cultivars (indica germplasm) in grain filling period. 
Secondly, screening the breeding materials with more tolerance to shading for 
development of new acclimating cultivars. 
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3.3. MATERIALS AND METHODS 
3.3.1. Rice cultivation and treatment  
Pre-germinated seeds of fourteen cultivars (Table 3.1) were sown in seedling 
trays to produce uniform seedlings on June 4, 2015 and May 12, 2016. Crop 
management followed the Japanese standard cultural practices. Maturing seedlings of 
14 cultivars were transplanted at hill spacing of 15 cm and row spacing of 30 cm (22 
hills m-2) on June 29, 2015 and June 16, 2016. Basal fertilizer was applied at the rate 
of 8gN m-2 with slow release fertilizers (LP100D-80, N-P2O5, K2O=14-14-14)   
3.3.2. Shading Treatment 
The treatment started after the first cultivar heading. During the grain filling 
period, 50% shading treatment (S) by covering the rice canopy with black cloth 
corresponding to 50% reduction in full natural light. Plants grown in natural light 
(NL) taken as control. The filed design of shading treatment was shown in Figure 
3.1. 
3.3.3. Growth and dry matter production 
For the monitoring of dry weight, four standard plants were sampled at heading 
and maturity stage. Plants were divided into four parts; culm plus leaf sheath, leaf 
blade, dead leaf and panicle. All samples were oven-dried at 80 oC for 48 hours, and 
then their dry weights were measured. 
The plant dry matter weight was measured as described above, CGR was 
calculated as the dry matter increase (g) m-2 day-1. 
CGR (g m-2d-1) = W2−W1
t2−t1
 
NAR (g m-2d-1) = (W2−W1)(lnA2−lnA1)(t2−t1)(A2−A1)  
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Mean LAI = A2−A1
lnA2−lnA1
 
A1 : The LAI at the corresponding date t1 
A2 : The LAI at the corresponding date t2 
W1 : The dry weight at the corresponding date t1 
W2 : The dry weight at the corresponding date t2 
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Table 3.1. Details on the pedigree and the heading date of Vietnamese cultivars in 
2015 and 2016 at Okayama, Japan. 
Cultivar Pedigree 
Year of release 
in Vietnam 
Year Heading date 
OM2517 OM 1235/OMCS94 2004 
2015 21-Aug 
2016 5-Aug 
OM1490 OM 606/IR 44592-62 1999 
2015 24-Aug 
2016 10-Aug 
OM9854 OM6976/OM5451 _ 
2015 27-Aug 
2016 10-Aug 
OM2395 IR63356/TN1 2004 
2015 28-Aug 
2016 11-Aug 
AS996 IR 64/Oryza rufipugon 2002 
2015 28-Aug 
2016 11-Aug 
OM5981 IR28/AS996 2010 
2015 29-Aug 
2016 11-Aug 
OM6161 C51/Jasmine 85 2009 
2015 1-Sep 
2016 14-Aug 
OM5451 Jasmine 85/OM 2940 2010 
2015 7-Sep 
2016 22-Aug 
OM6162 C 50/Jasmine 85 2009 
2015 9-Sep 
2016 23-Aug 
OM6600 C43/Jamine 85//C43 2011 
2015 9-Sep 
2016 25-Aug 
OM7347 Khaodawkmali/BL/BL 2010 
2015 9-Sep 
2016 25-Aug 
OM8923 OM 3536/AS 996 2011 
2015 9-Sep 
2016 25-Aug 
Jasmine85 
Peta/Taichung Native 
1//Khaodawkmali 105 
1993 
2015 9-Sep 
2016 25-Aug 
OM4900 C53/Jasmine 85//Japonica 2008 
2015 9-Sep 
2016 25-Aug 
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Figure 3.1. Experimental field design with two solar radiation regimes (natural light, 
shading (50% covered with black cloth)).  
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Figure 3.2. In shading treatment, top of canopy was covered by black cloth (50% 
light off).  
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3.3.4. Yield and yield components  
At physiological maturity, twenty hills were sampled diagonally from each 
treatment to determine grain yield (g m-2) and yield components; i.e. the number of 
panicles m-2, spikelets panicle-1, percentage filled grains (%) and 1000-grains weight 
(g). The grain yield was adjusted to standard moisture (14%) 
1000− grains wt = w
f
 x 100−M
86
x1000 
Grain yield (g m-2)= Panicle number/m-2 x spikelet number/panicle x % ripened 
spikelets x 1000-grains weight 
f: filled grain 
w: weight of filled grain 
M: moisture content of filled grain 
The percentage of sterile grains was determined as follows; panicles were 
threshed and the filled and unfilled spikelets were separated by submerging in the 
specific gravity solution. The spikelets sunk with specific gravity ≥1.06, ≥1.0 and 
＜1.0 g cm-3 were defined as filled grains, partially filled grains and sterile spikelets, 
respectively. The percentage of filled grains is a ratio of the number of filled grains to 
the total number of spikelets. 
3.3.5. Grain appearance quality 
Three replications (20 - 30 g) of brown grains of each treatment were used for 
determination of immature grains; chalky grain (C-grains) and green grains 
(G-grains). The appearance quality of brown grains was measured by grain scanner 
(RSQI 10B; Satake Corp., Japan) and expressed as the percentage of chalky grains 
per total brown grains.  
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3.3.6. Statistical analysis 
Data of dry matter production, yield and yield components was analyzed as 
two-way completely randomized design. Tukey’s least significant difference at a 
probability level of 0.5% and 10% was used to compare the differences between 
treatment and genotypes. 
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3.4. RESULTS  
3.4.1. Dry-matter production and crop growth rate (CGR) 
To identify the factors affecting to the differences in dry matter production, we 
compare CGR among two treatments (Figure 3.3.). Significant decrease in CGR 
under S was observed in all cultivars in both of years when we compared with NL. 
The CGR of all cultivars was significantly decreased from 0.7 to 13.3 g m-2 day-1 in 
2015 and 0.2 to 13.6 g m-2 day-1 in 2016. The most negative effect by shading was 
recorded in ‘OM8923’ in 2015 ‘OM6162’ in 2016. The difference between S and NL 
was higher in 2015 than in 2016. In ‘OM9584’, ‘AS996’ and ‘OM6600’, the impact 
of shading to CGR was lower than other cultivars. The negative effect by shading 
was recorded higher in 2015 compared with 2016. 
Remarkable difference in total dry weight in all cultivars between S and NL 
treatment in both of years (Figure 3.4.). Shading had strongly effect on the dry matter 
in shoot as well as in panicle of all cultivars. Under shading condition, the dry weight 
of shoot in all cultivars decreased dramatically. The difference in the shoot dry 
weight of fourteen Vietnamese cultivars between NL and S was about 0.02 to 0.52 kg 
m-2 in 2015 and 0.01 to 0.68 kg m-2 in 2016. And also the panicle dry weight in S was 
0.05 to 0.33 kg m-2 in 2015 and 0.01 to 0.46 kg m-2 in 2016 lower than NL. A 
significant reduction in the dry weight was observed under shading condition in both 
of years, especially in panicle dry weight. In both of years, the dry weight 
of‘OM6162’, ‘OM6600’, ‘OM 7347’ and ‘OM 8923’ was strongly decreased under 
shading condition. The smallest difference between NL and S was recorded in 
‘OM9854’. 
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Figure 3.3. Effect of shading on CGR of Vietnamese cultivars during ripening 
period in two years (2015 and 2016) 
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Figure 3.4. Dry matter production at ripening stage under natural light and shading 
treatment of Vietnamese cultivars in two years (2015 and 2016) 
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3.4.2. Yield and yield components 
Under shading condition during the grain filling period, the spikelet sterility of 
fourteen Vietnamese cultivars increased dramatically (Fig 3.5.). The percentage of 
spikelet sterility of all cultivars in S was higher than NL within 13.4 % to 38.4 %. 
The strong impact of shading was recorded in ‘AS996’ and ‘OM1490’ with 38.4 and 
35.7% increase in sterile spikelets, respectively. In all cultivars, the sterility 
percentage in shading treatment was over 35%, and the highest in ‘Jasmine 85’ with 
71.7% of sterile spikelets. In a report of Ota (1965), it has the same result about 
shading after heading increase the percentage of sterility in Vietnamese rice. The 
most susceptible cultivar to low light is ‘Jasmine 85’ with 71.72 % sterile spikelets. 
Beside the strongly increase in the percentage of sterile spikelets, the percentage 
of partial filled grains also increased under shading condition (Fig 3.6.). In both of 
years, the percentage of partial filled grains under S in all cultivars was higher than 
in NL. Under shading condition, the percentage of partial filled grains increased 
about 0.2-2.8 % in 2015 0.3-4.3 % in 2016 compared with NL. In both of years, the 
percentage of partial filled grain in ‘OM2517’ increased strongly under shading 
condition. The difference between S and NL was 2.8% in 2015 and 3.5% in 2016 in 
‘OM2517’ which was the largest gap in 2015 and the second large gap in 2016. The 
largest gap between NL and S in 2016 was recorded in ‘OM5981’ which was 4.3%. 
The partial filled grains of ‘OM1490’, ‘AS 996’ and ‘OM8923’ were less affected by 
shading compared with others cultivars. 
The effect of shading during the grain filling period on rice yield components 
and rice grain yield were observed in fourteen Vietnamese cultivars (Table 3.2. and 
table 3.3.). The percentage of filled grain, the number spikelets per panicle and 
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1000-grains weight were hardly affected by shading compared with NL. Because the 
percentage of sterile and partial filled grains increased dramatically under shading 
condition lead to the percentage of filled grains decreased strongly. In addition, the 
spikelets per panicle decreased significantly in all cultivars, especially in ‘OM5981’ 
and ‘OM6162’ in 2015; ‘OM 6162’ and ‘OM7347’ in 2016. The 1000-grains weight 
under shading condition decreased about 0.9 - 8.0 % in 2015 and 0.4 - 13.5% in 2016 
of that under natural light condition. ‘Jasmine 85’ was the most sensitive cultivar to 
shading about 1000-grain weight. The yield was dramatically decreased under 
shading condition in all cultivars. The difference of yield in each cultivar between 
NL and S was within 173.1 - 437.4 g m-2 in 2015 and 84.2 - 443.1 g m-2 in 2016. 
Grain yield of fourteen Vietnamese cultivars in shading condition reduced about 32.2 
- 65.0% in 2015 and 15.6 - 47.3% in 2016 of natural light condition. Because the 
sterile spikelets and 1000 grains weight decreased dramatically lead to the yield of 
‘Jasmine85’ decreased strongest under shading condition. The most sensitive 
cultivars to shading were ‘Jasmine 85’ with 65.0 in 2015 and 35.8% in 2016 
reduction in yield than natural light condition, respectively. ‘OM 1490’, ‘OM4900’ 
and ‘OM6162’ were strongly affected by low light which were more than 40% 
reduced yield of that in natural light in both years. ‘OM6161’ was the least effect by 
shading compared with others cultivars. 
To investigate the effect of shading during the grain filling stage on rice yield 
components and rice grain yield were assayed in shaded fourteen Vietnamese 
cultivars. The percentage of sterile grain, the number spikelets per panicle and 
1000-grains weight were significantly affected by shading compared with natural 
light (Table 3.4.). The percentage of sterile grains increased around double in both 
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years. The spikelets per panicle and 1000-grains weight were reduced significantly 
by shading in both years. The yield components were lower in S, therefore the yield 
was considerably decreased when plants were shaded in both of years. Under shading 
condition, the grain yield decreased 248 g m-2 in 2015 and 265 g m-2 in 2016 which 
was 41.8% and 36.5% lower than NL in two consecutive years.  
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Figure 3.5. Effect of shading on the percentage of sterile grains of Vietnamese 
cultivars in two years 2015-2016 (vertical bar indicate SD of means (n=3)). 
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Figure 3.6. Effect of shading on partial filled grain of Vietnamese cultivars during 
ripening period in two years (2015 and 2016) 
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Table 3.2. Yield and yield components of fourteen Vietnamese cultivars in natural 
light and shading treatment in 2015 
Cultivar Treatment 
No. of 
panicle/ m2 
Spikelets/ 
panicle 
% ripened 
grains  
1000 grains 
weight (g) 
Grain yield 
(g m-2) 
OM2517 
NL 295 111 80.8 26.3 695.1 
S 303 110 49.2 25.2 411.2 
OM1490 
NL 304 130 69.2 23.7 645.2 
S 362 116 32.9 23.0 316.1 
OM9854 
NL 267 114 67.0 25.3 518.9 
S 295 112 41.2 24.1 327.2 
OM2395 
NL 262 155 65.6 27.9 741.0 
S 280.5 115 34.1 27.0 297.4 
AS996 
NL 239 132 71.8 27.3 616.3 
S 259 125 33.1 26.4 283.0 
OM5981 
NL 252 139 67.6 25.7 607.7 
S 298 99 39.2 24.9 286.2 
OM6161 
NL 273 109 82.1 25.1 611.1 
S 275 102 59.6 24.8 414.5 
OM5451 
NL 336 102 71.8 25.4 621.8 
S 329 91 52.3 24.7 386.2 
OM6162 
NL 228 155 54.7 25.4 487.0 
S 243 120 40.0 23.8 277.4 
OM6600 
NL 221 146 57.8 25.1 466.5 
S 209 136 41.0 24.3 283.0 
OM7347 
NL 234 144 57.2 25.6 495.5 
S 235 134 38.8 24.3 297.4 
OM8923 
NL 326 117 59.8 26.6 606.9 
S 314 113 43.1 25.7 391.9 
Jasmine85 
NL 257 111 48.1 26.5 363.5 
S 211 104 23.8 24.3 127.1 
OM4900 
NL 243 134 52.5 25.5 435.8 
S 217 127 37.6 24.2 249.7 
  Cultivar  ** ** ** ** ** 
  Treatment ** ** ** * ** 
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Table 3.3. Yield and yield components of fourteen Vietnamese cultivars in natural 
light and shading treatment in 2016. 
Cultivar Treatment 
No. of panicle 
m-2 
Spikelets 
panicle-1 
% of ripened 
grains 
1000 grains 
weight (g) 
Grain yield  
(g m-2) 
OM2517 
NL 266 104  85.8  27.5  719  
S 239 106  72.8  27.4  558  
OM1490 
NL 272 140  85.0  24.7  877  
S 283 128  52.0  24.4  506  
OM9854 
NL 220 126  83.7  24.9  631  
S 235 125  54.4  24.9  440  
OM2395 
NL 208 131  62.4  28.8  540  
S 236 137  47.4  27.1  456  
AS996 
NL 238 123  72.8  27.9  654  
S 232 129  53.1  27.2  476  
OM5981 
NL 243 124  80.3  26.7  711  
S 243 122  59.6  25.8  501  
OM6161 
NL 223 149  80.2  26.2  770  
S 251 136  59.9  25.5  572  
OM5451 
NL 296 126  81.5  24.7  826  
S 296 110  58.0  24.1  501  
OM6162 
NL 217 196  70.3  24.4  802  
S 212 157  54.2  23.5  467  
OM6600 
NL 194 202  71.7  24.7  761  
S 193 170  47.3  24.0  410  
OM7347 
NL 200 181  74.9  25.2  752  
S 220 144  51.3  24.0  427  
OM8923 
NL 303 130  87.6  25.6  971  
S 308 111  56.5  24.8  528  
Jasmine85 
NL 193 156  53.1  27.6  418  
S 177 134  43.2  23.9  268  
OM4900 
NL 219 180  74.0  25.0  803  
S 196 155  52.1  24.4  422  
  Cultivar  ** ** ** ** * 
  Treatment NS ** ** ** ** 
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Table 3.4.  Mean of yield and yield components of Vietnamese cultivars in natural 
light and shading treatment 
 
* and **; significance at the 0.05 and 0.001 level based on analysis of variance, respectively. NS; 
non-significance based on analysis of variance 
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3.4.3. Grain Appearance Quality 
The total percentage of green and chalky grains increased under shading than 
natural light (Fig 3.7.). The percentage of green grains of most cultivars in S was 
higher about 1.06 - 10.1% and 1.4 - 10.5 % than that in NL in 2015 and 2016, 
respectively. In some cultivars, the percentage of chalky grain increased 0.2 to 4.2% 
under shading condition in 2015. In 2016, the percentage of chalk grains in some 
cultivars under shading condition were higher 6 - 7% than under natural light, such 
as ‘OM2517’, ‘OM6161’ and ‘OM5981’. The immature grains increased strongly 
under shading condition in all cultivars in both 2015 and 2016. The difference in the 
percentage of NL and S was about 0.9 - 11.7 in 2015 and 0.1 - 10.5% in 2016. The 
chalky grain in ‘OM2517’ increased strongly NL in both of 2015 and 2016 lead to 
the difference between NL and S about the percentage of immature grains was the 
highest in ‘OM2517’ in both 2015 and 2016. Among the cultivars, ‘OM2517’, 
‘OM8923’ and ‘OM5451’ were affected strongly on the grain appearance quality 
under shading condition. The grain appearance of Vietnamese cultivars was 
comparatively good quality, i.e., the percentage of immature grain usually less than 
25%. In ‘Jasmine 85’, the percentage of immature grains is less than 5% in both S 
and NL treatment in both of years. 
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Figure 3.7.  Appearance quality of brown rice grains in fourteen Vietnamese 
cultivars under natural light and shading treatment in 2015 and 2016. (G-grain: green 
grains, C-grain: Chalky grains). 
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3.5. DISCUSSION 
The CGR is an index reflecting the increment of dry mass per unit leaf area and 
per unit land, thus it shows the reality growth rate of crop canopy under a condition. 
In this study, the impact of shading on grain yield was investigated. The CGR of 
Vietnamese cultivars significantly during grain filling period by shading, in which 
the solar radiation decreased to 50% of natural light (Figure 3.3.). It is similar to the 
finding of Chaturvedi et al. (1989) in which CGR decreases under shading treatment. 
Under shading condition, leaves are not able to receive enough light for the 
production of photosynthetic assimilates and they have a reduced ability to produce 
dry matter (Ebrahin et al., 2014). Thus, the dry matter especially in the sink organs 
decreased strongly under shading condition because of the shortage of source (Figure 
3.4.). In addition, we can easily to recognize the dry matter in shoot decreased 
strongly under shading condition on these researches.  
 The grain yield of different genotypes was closely related to the CGR during 
grain filling periods. The higher CGR also lead to larger accumulation of 
non-structural carbohydrate in the culms and leaf sheaths during grain filling period 
which is positively correlated with the rapid translocation of photo-assimilates to the 
panicle(Sun et al., 2012; Takai et al., 2006). Cultivars having higher CGR during 
grain filling period produce a greater number of spikelets per unit land area (Takai et 
al., 2006). The decline in CGR is a major factor leading to lower grain yield in 
Vietnamese cultivars. 
Grain yield of rice is the product of different yield components; number of 
panicles per unit area, the number of grains per panicle, percentages of sterile 
spikelets and 1000-grains weight (Yoshida, 1981). In the previous study of Ishibashi 
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et al. (2014) and Ishizuki and Saitoh (2012) rice yield decreases markedly, when 
grown under low radiation (shading) from the initial heading to maturity stage, due 
to the directly ascribed to significant decreases in the seed setting rate and 
1000-grains weight. In this study, 1000-grains weight, the number spikelets per 
panicle and percentage of filled grain were also declined by shading leading to a 
decrease in grain yield. Similar responses to shading was found for some others 
cultivars in term of 1000-grains weight and grain yield in previous reports (Ishizuki 
and Kuniyuki, 2012; Liang et al, 2015; Yushi et al, 2014). In the report of Sridevi et 
al. (2015), the low light causes increasing spikelet sterility in accordance with the 
present study. The impaired translocation under subdued light of carbohydrates from 
source to developing grain during grain filling period is a factor causing high sterility 
(Sridevi et al., 2015). Inappropriate accumulation of starch during grain filling under 
low light normally causes sterile and defective caryopses (Vijayalakhmi et al., 1991). 
Under shading condition, nutrient source organs (leaves + culms + sheaths) cannot 
provide adequate amounts of assimilate to meet the requirements of grain growth 
because of the impaired photosynthetic rate (Janardhan et al., 1980). Post-heading 
shading caused a remarkable reduction in carbohydrate (Ota and Yamada, 1965). 
Additionally, low light inhibits the translocation of assimilates from source organs to 
sink organ (grains) (Nayak and Murty, 1980). Vijayalakshmi et al. (1991) reported 
that the decline in rice grain yield was found to be affected due to the increased 
number of partial filled and sterile grains under light stress condition. OsSUT1, a 
specific sucrose transporter plays an important role in maintaining the supply of 
photo-assimilates to the filling grain decreased by shading during grain filling stage 
and led to decreasing transfer photo-assimilate from source to grains (Ishizuku et al., 
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2012). The shortage in photo-assimilates for filling grain is the main cause of the 
increase in partial filled grains under shading condition. It implies that under shading 
condition, grain dry weight decrease strongly and sterile spikelets increase 
dramatically, consequently the grain yield decreases. In this research, the percentage 
of sterile spikelets and partial filled grain increase strongly under shading condition. 
It is the same results with Vijayalakshmi et al (1991), reported that the decline in rice 
grain yield was found to be affected due to the increased number of partially filled 
spikelets under light stress condition. 
The percentage of chalky and green grains increased by shading treatment 
during ripening period (Figure 3.7.) which the same results with Ishizuki and Shaitoh 
(2012) using Japanese cultivars. Green rice grains are the result of harvesting and 
drying while chloroplasts still remain in the pericarp of grain (Mutters et al., 2009). 
In the report of Sibing et al. (2004) shading after heading extends the rice growth 
duration of the flag leaves. Thus, the increasing of green rice grains in this study was 
also effected by extending growth period under low light condition. The chalky grain 
percentage in this research also increases in some cultivars, which is the same results 
of Cheng-gang et al. (2015). In the report of Tabata et al. (2010), the imbalance sink 
and source ability of carbon metabolism, as a result of high temperature at grain 
filling period, is considered one of the main cause for grain chalkiness. Thus, the 
increase of chalky grains in the present study was caused by the imbalance of sink 
and source due to the photosynthetic decline under the low light condition. 
 
 
 
 76 
 
3.6. CONCLUSIONS 
Our present study indicates that CGR and yield are decreased by shading. The 
important factors of reduction of grain yield in 14 Vietnamese cultivars were the 
reduction of filled grain, spikelet number per panicle and 1000-grains weight. The 
infection degree of different cultivars about brown rice yield by shading was 
different. The yield under shading decreased 42% in 2015 and 37% in 2016 
compared with natural light condition. This showed that the light stress was closely 
effect to grain yield, so selecting rice resistant cultivars to low radiance. ‘Jasmine85’ 
was the most sensitive cultivar to shading about sterile spikelet and 1000-grains 
weight, but the appearance quality of brown rice in this cultivar wasn’t affected so 
much. ‘Jasmine85’, ‘OM490’, ‘OM1490’ and ‘OM6162’ were sensitive cultivars to 
low light condition, which the yield decreased more than 40% of that under natural 
light. These results showed that the low light stress was closely effecting to grain 
yield and grain appearance quality of Vietnamese cultivars. 
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Chapter 4. EVALUATION OF GROWTH, YIELD AND GRAIN STARCHES 
PROPERTIES IN INDICA AND JAPONICA RICE (ORYZA SATIVA L.) 
CULTIVARS 
4.1. INTRODUCTION 
Rice (Oryza sativa L.) is an important staple food of more than half of the world 
population. It is dominantly produced and consumed in the Asian (Hussain et al, 
2014). In Asia, indica (Oryza sativa indica) and japonica (Oryza sativa japonica) 
rice are two main subspecies in rice cultivation. Indica cultivar is mainly cultivated 
in tropical and subtropical at lower latitudes or altitudes such as Thailand, Vietnam, 
India.., whereas japonica cultivar is dominantly grown in more temperature 
environments at higher latitudes or altitudes such as Japan, Korea….(Yanhua et al., 
2014). The morphology and agronomic traits, physiological and biochemical 
characteristics and genomic structure differ clearly in indica and japonica (Yanhua et 
al., 2014). The cooked japonica rice is considered to be more sticky than cooked 
indica rice (Ayabe et al., 2009). Almost all japonica cultivar falls under the low 
apparent amylose content, while in indica cultivar, some cultivars have low apparent 
amylose content, but most of cultivars fall under high apparent amylose content 
(Ayabe et al., 2009). During the long history of rice domestication, the indica and 
japonica rice cultivars have clearly diverged in morphological characteristic, 
agronomic traits and physiological and biochemical features, as well as in yield, 
quality and stress resistance. (Yanhua et al., 2014). 
Rice cultivars of the world show much variation in their eating quality. The 
eating quality can be largely defined as the sensory perception of the person who eats 
the rice. It is mostly made up from: aroma, flavor, tenderness (or hardness), 
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cohesiveness (or stickiness), whiteness and gloss of cooked rice (Kshirod, 2011). 
Initial research had repeatedly suggested that the amylose starch was the single 
largest determinant of its texture (Kshirod, 2011). Rice protein content (RPC) is 
important for the determination of grain quality and grain yield (Tsukaguchi et al., 
2016). Cooked texture of the high protein rice tends to be tougher and chewier than 
for rice low in protein. Low protein rice cultivars retain more water than higher 
cultivars during extrusion and cooling. There is a hypothesis that more protein forms 
a thicker barrier around the starch granule, thus slowing water uptake. This would 
result in slower gelatinization and retard swelling of granules, thus leading to more 
water available to be lost as steam during extrusion (Ranjit et al., 1997). Protein 
content affects the texture of cooked rice, increases hardness, and reduces the 
stickiness (Tukaguchi et al., 2016) 
The major component of the rice grain is a complex carbohydrate, starch which 
constitutes about 90% of milled rice on a dry weight basic. Starch owes much of its 
functionality to two major components; amylose and amylopectin, as well as to the 
physical organization of these macromolecules in the granule structure (James and 
Ya-Jane, 2002) 
The difference in RPC was determined by many factors; such as different 
cultivars, nitrogen application rate, nitrogen application method and other cultivation 
practices (planting density and weed control) (Tukaguchi et al., 2016).  RPC may be 
affected by the genotypic differences in nitrogen uptake ability at a given soil 
nutrition availability, and by the capacity to incorporate the absorbed nitrogen and 
accumulate storage protein in seeds (Tsukaguchi et al., 2016). 
For successful crop production knowledge of varietal morphological and 
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physical characteristics of difference rice germplasm group cultivar is necessary. In 
addition, there is a continually increasing demand for improved rice grain quality 
which varies by germplasm and environment, as determined in term of 
physicochemical properties of starch. In two previous chapters, the environmental 
effect on the grain appearance quality was evaluated. For more understanding the 
effect of germplasm to grain quality, we conducted the experiment with title 
‘Evaluation in growth, yield and grain starches properties indica and japonica rice 
(Oryza sativa L.) cultivars.     
4.2 OBJECTIVES  
In this study, we tried to examine and compare the physicochemical 
characteristics of rice grain such as amylose content, protein content and grain size of 
different cultivars from popular growing in Vietnam (indica rice) and Japan 
(japonica rice). 
We tried to evaluate on the different rice cultivars between Vietnam (indica rice) 
and Japan (japonica rice) for growth characteristics and yield. 
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4.3 MATERIALS AND METHODS 
4.3.1 Rice cultivar 
Fourteen rice cultivars; belong to indica germplasm group (‘OM2517’, 
‘OM1490’, ‘OM9584’, ‘OM2395’, ‘AS996’, ‘OM5981’, ‘OM6161’, ‘OM5451’, 
‘OM6162’, ‘OM6600’, ‘OM7347’, ‘OM8923’, ‘Jasmine 85’ and ‘OM4900’) and 
eight rice cultivars; belong to japonica germplasm group (‘Hinohikari’, ‘Nipponbare’, 
‘Tentakaku’, ‘Kinumusume’, ‘Harumoni’, ‘Nikomaru’, ‘Eminokizume’, 
‘Koshihikari’) were used in this experiment. 
Maturing seedling of all cultivars were transplanted at hill spacing of 15 cm and 
row spacing of 30 cm (22 hill m-2) June 16, 2016 in the field of Okayama university, 
Okayama Japan (34040’N, 133055’E, elevation). Basal fertility was applied at rate of 
8g N per m2 with slow release fertilizers (LP100D-80E, N-P2O5, K2O=14-14-14) 
4.3.2 Rice sample 
Fourteen Vietnamese cultivars and eight Japonica cultivars were obtained from 
cropping in Okayama Field Center, Japan. At physiological maturity, twenty hills 
were harvested and dried by wind in the plastic house for two weeks. Then unhulled 
rice was threshed by small scale machine and brown rice was obtained by hand 
milling.  
4.3.3. Growth characteristics 
Data on plant height, number of tillers/hill, leaf age and leaf chlorophyll 
concentration using soil plant analysis development (SPAD) value were monitored 
every seven days with three replications. The same hills were measured with three 
replications.  
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4.3.4. Yield and Yield components 
At physiological maturity, twenty hills were sampled diagonally from each 
treatment to determine grain yield (g m-2) and yield components; i.e. the number of 
panicles m-2, spikelets panicle-1, percentage filled grains (%) and 1000-grains weight 
(g). The grain yield was adjusted to standard moisture (14%).  
The percentage of sterile spikelets was determined as follows; panicles were 
threshed and the filled and sterile spikelets were separated by submerging in specific 
gravity solution. The spikelets which sank with specific gravity ≥ 1.06g cm-3, ≥1.0 
g cm-3 and < 1.0 g cm-3 were defined as filled grains, partially filled grains and sterile 
spikelets, respectively (Zakaria et al., 2002).  
1000− grains wt = w
f
 x 100−M
86
x1000 
Grain yield (g m-2)= Panicle number m-2 x spikelet number panicle-1 x % ripened 
spikelets x 1000-grains weight 
f: filled grain 
w: weight of filled grain 
M: moisture content of filled grain 
4.3.5. Main chemical components (Amylose and protein contents) 
Amylose and protein contents in rice starches of twenty two cultivars were 
measured with grain analyser (Infractec 1241, FOSS, Denmark). Brown rice was 
analyzed directly without grinding.   
Apparent amylose content of non-glutinous rice is classified into four groups; 
very low (5-12%), low (12-20%), intermediate (20-25%) and high (25-33%) 
(Kongreseree and Juliano, 1997). 
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4.3.6. Statistical Analysis 
Data of dry matter production, yield and yield components were analyzed as 
two-way completely randomized design. Tukey’s HSD at a probability level of 0.5 
and 1.0 % was used to compare the difference between genotype. 
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4.4 RESULTS 
4.4.1. Growth characteristics 
4.4.1.1. Plant height 
Plant height varied among cultivars from 94.5 to 117.5 cm (Fig 4.1.). The 
highest cultivar was observed in ‘OM9584’ (117.5 cm) in indica cultivars and in 
‘Koshihikari’ (117.1 cm) in japonica cultivars. The shortest cultivar was the earliest 
heading cultivar; ‘OM2517’ (94.5 cm) in indica cultivar and ‘Tentakaku’ (96.6 cm) 
in japonica cultivar. The plant height in all cultivars increased steadily until full 
heading stage. After full heading, the height of all cultivars became constant and 
lightly decreased.  
4.4.1.2. SPAD meter reading 
In this experiment, the SPAD value was observed from 21 DAT. The SPAD 
value decreased before heading, then increased gradually and peaked at heading in 
all rice cultivars. After that, the SPAD value decreased steadily to maturity stage. In 
general, the SPAD value in indica cultivar was higher than that in japonica cultivar. 
4.4.1.3. Tiller number  
There is a variation about tiller number among cultivars (Table 4.1.). In indica 
cultivar, the tiller number varied from 9.3 to 14.3 tillers per a hill. In japonica 
cultivar, the tiller number varied from 13.3 to 20.3 tillers per a hill. The tiller number 
in japonica cultivar was significant higher than that in indica cultivar. The mean of 
tiller number was 12 tillers/ a hill in indica cultivar and 16.5 tillers/ a hill in japonica 
cultivar. The high tiller number was recorded in ‘Koshihikari’ (20.3 tillers per a hill), 
‘Nipponbare’ (19.3 tillers per a hill) and ‘Eminokizuna’ (18.3 tillers per a hill). The 
lowest was in ‘OM7347’with 9.3 tillers per a hill. 
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4.4.1.4. The number of leaves and maturity days 
There was no significant difference in the number of leaves and maturity days 
between japonica and indica cultivar (Table 4.1.). The mean of the number of leaves 
was 13.5 in both indica and japonica cultivar. The number of leaves corresponding to 
the duration until heading, thus the lower number of leaves, the shorter in the 
maturity days. The number of leaves in indica rice varied from 11 to 14.5 while in 
japonica cultivar varied from 12-14. The maturity days in japonica cultivar was 
longer about 3 days than indica cultivar. The lattest maturity cultivar was ‘Nikomaru’ 
which spent 151 days. The earliest maturity belong a cultivar in indica cultivar which 
spent 124 days to maturity (‘OM2517’). 
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Figure 4.1. Changes in plant height of japonica and indica rice cultivars. 
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Figure 4.2. Variation in SPAD value at different growth stage of indica and japonica 
rice cultivars. 
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Table 4.1. Tiller number, leaf age, plant height and maturity days of indica and 
japonica rice cultivars. 
Cultivars 
Tiller no. 
hill-1 
No. of 
leaves 
Plant 
height 
Maturity days 
OM2517 13.0  11.0  95  124  
OM1490 12.7  12.3  106  129  
OM9854 13.7  13.3  118  129  
OM2395 11.7  12.0  101  130  
AS996 10.7  13.0  97  130  
OM5981 13.7  13.0  97  130  
OM6161 11.0  13.3  104  140  
OM5451 13.0  14.3  110  142  
OM6162 10.3  14.3  113  144  
OM6600 11.3  14.3  109  144  
OM7347 9.3  14.3  103  144  
OM8923 14.3  14.2  111  144  
Jasmine85 11.3  14.5  101  144  
OM4900 11.3  14.5  111  144  
Dentakaku 16.7  12.0  97  128  
Koshihikari 20.3  12.7  117  131  
Eminokizuna 18.3  13.7  98  135  
Niponbare 19.3  13.7  107  140  
Kinumusume 14.3  13.7  102  143  
Hinohikari 15.3  13.7  110  147  
Harumoni 14.0  14.3  106  149  
Nikomaru 13.3  14.0  110  151  
Mean of indica rice 12.0b  13.5a  105a  137b 
Mean of japonica rice 16.5a  13.5a  106a 140a  
 
 
 
 
 
 88 
 
4.4.2. Yield and yield component 
The grain size of indica cultivars was significantly different from that in 
japonica cultivars (Table 4.2.). The grain length of japonica cultivars was shorter 
than indica cultivars, but the width and thickness of it were larger in japonica 
cultivars. There were no significantly difference in the grain size of japonica 
cultivars. The grain length, grain width and grain thickness of japonica cultivars 
varied from 4.93 - 5.16 mm, 2.74 - 2.82 mm and 1.96 - 2.01 mm, respectively. And 
those of indica cultivar varied from 6.97 - 7.62 mm, 2.05 - 2.28 mm and 1.70-1.90 
mm, respectively. In indica cultivars, the shortest and longest in length was in ‘OM 
7347’ and ‘OM 2395’, respectively. The largest grain width and thickness were in 
‘OM4900’ and ‘OM2517’, respectively. While the smallest in grain width and 
thickness was recorded in ‘OM1490’ and ‘OM6162’, respectively.  
There is a significant difference in number of panicle per m2 and spikelet per 
panicle within japonica and indica cultivasr (Table 4.3.). ‘Niponbare’ had the highest 
number of panicle per m2 (407 per m2). ‘OM2517’ showed the least number of 
panicle per m2. Japoinca cultivars showed higher in number of panicle per m2 
compared with indica cultivars. Both indica and japonica cultivars were not different 
in statistic in the percentage of ripened grain and 1000 grains weight. The percentage 
of ripened grain varied in 53.1 - 85.8 % in indica cultivars and 73.8 - 87.3 % in 
japonica cultivars. The mean of 1000-grains weight in japonica cultivars was larger 
than in indica cultivars, but not significant different in statistic. The mean brow rice 
yield in indica cultivar was not significantly different from that in japonica cultivar. 
The mean of brown rice yield in indica cultivar was 520 g m-2 and in japonica 
cultivar was 493 g m-2. The percentage of ripened grains was highest in ‘OM8923’ 
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lead to its yield was the highest among cultivars.  
Table 4.2. Cultivar difference in grain size component (length, width and thickness) 
in Indica and Japonica cultivars. 
Germplasm 
group 
Cultivars 
Length 
(mm) 
Width 
(mm) 
Thickness 
(mm) 
Indica cultivars 
OM2517 7.22 abc 2.23bc 1.90 b 
OM1490 7.10 bc 2.05 f 1.82 c 
OM9854 7.37 ab 2.07 ef 1.86 bc 
OM2395 7.62 a 2.13 de 1.83 bc  
AS996 7.56 a 2.11 de 1.84 bc 
OM5981 7.12 bc 2.18 cd 1.87 bc 
OM6161 7.3 abc 2.08 ef 1.80 bc 
OM5451 7.16 bc 2.12 de 1.81 c 
OM6162 7.04 bc 2.24 bc 1.7 d 
OM6600 7.1 bc 2.25 bc  1.71 d 
OM7347 6.97 c 2.25 bc  1.73 d 
OM8923 7.31 abc 2.13 de  1.83 bc  
Jasmine85 7.17 bc 2.22 bc 1.73 d 
OM4900 7.08 bc 2.28 b 1.83 bc  
Japonica cultivars 
Hinohikari 4.95 d 2.79 a 2.01 a 
Nipponbare 4.93 d 2.80 a 2.01 a 
Tentakaku 4.95 d 2.81 a 2.01 a 
Kinumusume 4.93 d 2.82 a 2.01 a 
Harumoni 4.96 d 2.78 a 2.0 a 
Nikomaru 5.16 d 2.78 a 1.96 a 
Eminokizuna 5.0 d 2.81 a 1.98 a 
Koshihikari 5.11 d 2.74 a 1.98 a 
 
Mean of indica cultivar 7.22a  2.23b  1.80b  
  Mean of japonica cultivar 5.00b  2.78a  2.00a  
The same letters are not significantly difference according to LSD (0.05). 
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Table 4.3. Brown rice yield and yield component of fourteen indica rice and eight 
japonica rice cultivars. 
Cultivar 
No. of 
panicle 
m-2 
Spikelets  
panicle-1 
% of 
ripened 
grains 
1000 grains 
weight (g) 
Grain yield 
(g m-2) 
OM2517 266  104  85.8  21.2  502  
OM1490 272  140  85.0  18.3  590  
OM9854 220  126  83.7  20.6  476  
OM2395 208  131  62.4  22.1  377  
AS996 238  123  72.8  21.5  458  
OM5981 243  124  80.3  20.8  504  
OM6161 223  149  80.2  20.3  544  
OM5451 296  126  81.5  20.0  608  
OM6162 217  196  70.3  19.2  574  
OM6600 194  202  71.7  19.2  537  
OM7347 200  181  74.9  20.3  550  
OM8923 303  130  87.6  19.9  687  
Jasmine85 193  156  53.1  19.0  304  
OM4900 219  180  74.0  19.4  567  
Hinohikari 376  87  75.6  21.6  562  
Nipponbare 407  83  87.3  22.8  658  
Tentakaku 283  69  78.9  21.8  351  
Kinumusume 299  92  83.9  21.0  492  
Harumoni 383  97  74.6  19.7  619  
Nikomaru 333  89  81.6  21.1  524  
Eminokizuna 385  63  73.8  20.4  371  
Koshihikari 279  80  78.0  20.5  372  
Mean of indica 
cultivar 
235 b 148 a 76.0 a 20.1 a 520 a 
Mean of 
japonica 
cultivar 
343 a 83 b 79.2 a 21.1 a 493 a 
The same letters are not significantly difference according to LSD (0.05). 
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4.4.3. Protein and amylose content  
The variation in the protein and amylose content in japonica and indica cultivar 
grains were shown in Table 4.4. Amylose is one of the two components of rice starch 
which greatly affects the quality and gelatinization properties of cooked rice. 
Generally, rice containing low amylose becomes soft and sticky upon cooking while 
rice containing high amylose becomes hard and separated. The mean of amylose 
content in indica and japonica cultivars was 20.3% and 16.7%, respectively. The 
amylose content rank in Vietnamese cultivar varied from low to high (Table 4.4. and 
Fig 4.4.), while all japonica cultivars were in low. The amylose content in indica 
cultivars was classified with 21.4% in high, 21.4% in immediate and 57.1% in low 
amylose content group. The highest protein content was recorded in ‘OM6161’ and 
the lowest in ‘Koshihikari’ and ‘Eminokizuna’. ‘OM2517’, ‘OM1490’ and ‘OM8923’ 
belong to high content group; ‘OM2395’, ‘OM5984’ and ‘OM6161’ belong to 
intermediate content group; remaining cultivars belong to low content group. All 
japonica rice cultivar belonged to low amylose content group. 
Protein is the second most abundant constituent of milled rice, following starch. 
The protein and amylose content were detected higher in indica cultivars compared 
with japonica cultivars. The mean of protein content in indica cultivar was 7.7%, 
higher than that in japonica cultivar (6.5%). The range of protein content in 
Vietnamese cultivars varied from 7.2 to 8.1% while in japonica cultivar varied from 
6.0 to 7.1%. The highest protein content was recorded in ‘OM6161’ (8.1%) and the 
lowest was recorded in ‘Koshihikari’ and ‘Kinumesume’ (6.0%). 
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Table 4.4. Variance in the protein and amylose content of indica and japonica rice 
grains. 
Germplas 
group 
Cultivar 
Moisture 
 (%) 
Protein  
(%) 
Amylose 
(%)  
Rank 
Indica cultivars 
OM 2517 12.7 7.6  26.1 High 
OM 1490 12.75 7.7  27.85 High 
OM 9584 13.1 7.9  19.45 Low 
OM2395 13 7.4  21.65 Intermidiate 
AS 996 13.05 7.4  17.6 Low 
OM5981 12.95 7.6  21.75 Intermidiate 
OM 6161 12.95 8.1  24.8 Intermidiate 
OM 5451 13.3 7.7  17.5 Low 
OM 6162 13.1 7.8  16.2 Low 
OM 6600 13.25 7.7  16.4 Low 
OM 7347 13.25 7.8  16.85 Low 
OM 8923 13 7.2  25.85 High 
Jasmine 85 13.05 8.0  16.35 Low 
OM 4900 13.2 8.0  15.55 Low 
Japonica rcultivars 
Tenkaku 12.2 6.2  15.7 Low 
Koshihikari 12.4 6.0  15.5 Low 
Eminokizuna 12.5 7.0  16.05 Low 
Niponbare 12.7 6.7  19.55 Low 
Kinumesume 12.65 6.0  17.8 Low 
Hinohikari 12.7 7.1  16.05 Low 
Harumoni 12.7 6.9  16.7 Low 
Nikomaru 12.5 6.3  16.2 Low 
 
Mean of indica 
cultivars 
13a 7.7a 20.3a Intermidiate 
  
Mean of japonica 
cultivars 
12.5a 6.5b 16.7b Low 
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Figure 4.3. Cultivar difference in amylose component among indica and japonica 
cultivars. 
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4.5 DISCUSSION 
Researchers have recognized the wide range of eating quality characteristics in 
rice germplasm accession since the early 20th century (Ikeno, 1914). Nakamura 
(2005) reported the varietal difference of eating quality traits in world wild rice 
germplasm accession including indica and japonica rice cultivars. Germplasm 
accession provides the basic knowledge that supports the discovery the gene control 
eating quality and their introduction into the novel of rice. The objective of this study 
evaluated and compared growth and yield characteristics of difference germplasm 
cultivars (Table 4.1 and Table 4.2). All cultivars in this research gained different 
plant height at maturity due to various intermodal lengths among cultivars. The 
varieties having longer internodes produced taller plant (Hussian et al., 2014). The 
difference in genetic caused the difference in plant height (Mohammad et al., 2002). 
Japonica cultivar had higher number of tiller comparing with indica cultivar (Table 
4.1). It was the same with finding of Hussian et al. (2002). The SPAD value was used 
for measuring of chlorophyll concentration for numerous plant species (Richarson et 
al., 2002). The difference in SPAD values was also due to the numbers of tillers per 
hill and competition among tiller for growth factor (Hussain et al., 2014). The 
cultivars have higher number of tillers per hill lead to the smaller in SPAD value. It is 
the same with the finding in this research (Fig 4.2.). The japonica cultivar contained 
higher number of tillers per hill compared with indica cultivar. Thus the SPAD value 
in japonica cultivar was lower than in indica cultivar. In the report of Jamal et al. 
(1990) the number of days to maturity was effected by genetic than environment. The 
number of days to maturity in japonica was longer than indica cultivar in this study 
(Table 4.1). The number of days to maturity plays a significant role in the cropping 
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system. In Vietnam, we cultivated two crop seasons in a year. But three crop seasons 
also happen in some province. Early maturing crop evacuate the land early for the 
next crop and escape from the insect attack and timely handled. Thus the early 
maturing cultivars were more preferred in Vietnam.  
In yield component, japonica cultivar showed the higher number of panicle per 
m2 due to the more number of tillers production in these cultivars (Table 4.3). In 
contrast, the spikelets per panicle of indica cultivars were higher than that in 
japonica rice. There was not significantly different in 1000-grains weight between 
japonica and indica cultivar. Consequently, the brown rice yield in japonica and 
indica cultivar was not significantly different.  
During the storage, rice quality is greatly affected by moisture content. The 
higher the moisture content, the faster the rate of quality deterioration. Therefore, the 
moisture content of rice should be kept at a safe level. Aside from the storage, 
moisture content is also an important factor for milling characteristic and sensory 
quality of rice (Uyen at al., 2001). As shown in the table 4.4, Vietnamese rice 
cultivars have moisture content ranging from 12.6 to 13.3 % while those of the 
japonica cultivars ranged from 12.2 to 12.7 % (Table 4.4). All the samples were 
therefore suitable for storage. 
Using grain analyzer (Infractec 1241, FOSS, Denmark) for measuring the main 
chemical component of rice is a nondestructive evaluation method. It is more rapid 
and we can save the amount of samples. We obtained the difference between 
japonica and indica cultivars in measured parameters (moisture, amylose and protein 
content). Amylose is a helical polymer made of ⍺ D-glucose units, bonded to each 
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other through ⍺ (1→4) glycosidic bonds. Amylose content strongly influences the 
looking and eating characteristics of rice. Generally, rice containing low amylose 
becomes soft and sticky upon cooking while rice containing high amylose becomes 
hard and separated (Uyen et al., 2001). In the report of Jang et al (2016) showed that 
the amylose content in indica cultivar starches is generally higher than that in 
japonica cultivars. The findings in our research are the same with previous studies. 
In this study, the percentage of six of fourteen Vietnamese cultivars showed in high 
and intermediate amylose content while all japonica cultivars was in low amylose 
content.     
Seed rice proteins were grouped into four; albumin, globulin, prolamin and 
glutelin (Kusama et al., 1984). Milled rice contains 1.7 - 7.6 % alcohol-soluble 
prolamins, 0.3 - 9.9 % albumins, 1.6 - 14.0% globulins and 73-94 % glutelins 
(depending on analytical method, genotype, and environment) (Huebner et al., 1990). 
As it is generally know, the main protein fraction of rice is the glutelin, as called 
oryzanin (about 70 - 80 % of total protein) (Maria et al., 1996). Webb et al. (1968) 
found a range of 5.3 to 13.6 % in protein content of about 4000 rice varieties from 57 
countries. The protein content of Vietnamese cultivars in this research varied from 
7.2 to 8.1 % while in japonica rice varied from 6.0 to 7.1 %. 
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4.6. CONCLUSIONS 
The morphological character of grains and the grain yield components were 
significantly difference between japonica and indica cultivars. But there was no 
significantly difference in grain yield between them.  
Amylose and protein content in japonica and indica cultivars were significantly 
different. About half of cultivars is growing in Mekong Delta which belongs to 
intermediate and high amylose content group. All of japonica cultivars belong to low 
amylose content group. 
The protein content in indica cultivars was higher than in that japonica cultivars. 
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Chapter 5. GENERAL CONCLUSIONS 
This thesis evaluated the hypothesis that the high temperature and shading stress 
in grain filling period induced the decrease in grain yield and quality of indica 
cultivars. From the above results and discussion, a series of conclusion can be drawn 
which respond to the objectives established in the present thesis 
5.1. TO IDENTIFY THE EFFECT OF HIGH TEMPERATURE ON THE 
GROWTH, GRAIN YIELD AND QUALITY IN VIETNAMESE RICE (Oryza 
sativa L.) CULTIVARS (CHAPTER. 2). 
The growth chamber system used the ‘green house’ effect to provide the heat in 
high temperature unit. These approaches could evaluate in field condition and 
confound the effects of other factors aside from temperature 
All cultivars were showed the negative effect of high temperature in grain 
filling period to the growth. The CGR in Vietnamese rice decreased strongly under 
high temperature stress. Thus, the dry mass in Vietnamese cultivars was decreased 
dramatically, especially in panicle dry weight.   
In yield component, the sterility was mainly affected by high temperature than 
others. In addition, the number of panicle m-2 and spikelets panicle-1 were decreased 
under high temperature. Thus, grain yield decreased corresponding to yield 
component decrease under high temperature. 
The acclimation of fourteen cultivars to high temperature was different. The 
most sterile sensitive cultivars to high temperature were ‘OM1490’, ‘OM4900’ and 
‘OM6161’. The most sterile tolerant cultivars to high temperature were ‘OM8923’ 
and ‘OM2517’. 
Besides sterile spikelets was the main factor in decreasing grain yield, the 
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decrease in 1000 grains weight during grain filling also affected to this phenomenon.   
The chalky grain increased corresponding to the temperature increased. The 
most sensitive cultivars in chalky grains to high temperature were ‘OM8923’ and 
‘OM5982’. 
5.2. TO IDENTIFY THE EFFECT OF SHADING ON THE GROWTH, GRAIN 
YIELD AND QUALITY IN VIETNAMESE RICE (Oryza sativa L.) 
CULTIVARS (CHAPTER. 3) 
The results of this research showed that the response of Vietnamese cultivars to 
shading (50% light off) was different.  
The CGR of fourteen Vietnamese cultivars decreased dramatically under 
shading condition. The shortage in photo-assimilates under shading condition lead to 
the decrease panicle dry weight. 
In yield component, filled grain, spikelet number per panicle and 1000-grains 
weight were decreased strongly under shading condition. A factor affected to this 
results is the photosynthesis decreased under low light condition. Because of 
decreasing in yield components, the yield decreased strongly under shading condition. 
The difference of yield in each cultivar between NL and S was within 173.1-437.4 g 
m-2 in 2015 and 84.2-443.1 g m-2 in 2016. 
‘Jasmine 85’, ‘OM1490’, ‘OM4900’ and ‘OM6162’were mostly sensitive 
cultivars to the low light condition which decreased more than 40% yield of that 
compared with natural light. 
The immature grain increased in both of years under shading condition. 
‘OM2517’, ‘OM8923’ and ‘OM5451’ were affected strongly by the grain appearance 
quality under shading condition.  
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5.3. EVALATION IN GROWTH, YIELD AND GRAIN STARCH 
PROPERTIES IN INDICA AND JAPONICA RICE CULTIVARS (CHAPTER 
4.) 
In general the crude protein of milled rice is still known to be the major source 
of dietary protein in many Asian countries (including Vietnam). It is a important to 
consider this index of nutritional value in breeding program (Uyen et al., 2001). The 
current in staple food with improved nutritive value as stimulated efforts to improve 
protein by breeding in some countries. 
5.4. SIGNIFICANT IMPLICATION OF RESEARCHES 
Civilization has risen with changing climate and burgeoning population 
(Ceccereli et al., 2010). In Vietnam, an average annual temperature raises 
approximately 2.3oC by 2100 (MONRE, 2012). In the report of ADB (2013) showed 
that days with temperature above 35oC are predicted to increase by 10-20 days in 
large parts of Vietnam by the end of 21st century. In addition, in the report of Nguyen 
(2006) the rice cultivation in Vietnam account for more than three quarter of 
country’s total harvested agriculture area. Our survival and success is closely tied to 
how we have a managed on rice cultivation in Vietnam and is the basic information 
for responding indica rice to high temperature and low light condition. 
Information provided by my researches can aid in the identification the 
threshold and resistant cultivars involved in the response of Vietnamese rice (indica) 
cultivars to the high temperature at grain filling period. These results are a basic 
background of breeding materials with more tolerant to high temperature which are 
an efficient way to develop new cultivars for the future circumstance. 
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